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Abstract 


Novel  Processes  for  Modular  Integration  of  Silicon-Germanium  MEMS 

with  CMOS  Electronics 

By 

Carrie  Wing-Zin  Low 

Doctor  of  Philosophy  in  Engineering  -  Electrical  Engineering  and  Computer  Sciences 

University  of  California,  Berkeley 
Professor  Tsu-Jae  King  Liu,  Co-chair 
Professor  Roger  T.  Howe,  Co-chair 

Equipment  control,  process  development  and  materials  characterization  for 
LPCVD  poly-SiGe  for  MEMS  applications  are  investigated  in  this  work.  In  order  to 
develop  a  repeatable  process  in  an  academic  laboratory,  equipment  monitoring  methods 
are  implemented  and  new  process  gases  are  explored.  With  the  dopant  gas  BCI3,  the 
design-of-experiments  technique  is  used  to  study  the  dependencies  of  deposition  rate, 
resistivity,  average  residual  stress,  strain  gradient  and  wet  etch  rate  in  hydrogen-peroxide. 
Structural  layer  requirements  for  general  MEMS  applications  are  met  within  the  process 
temperature  constraint  imposed  by  CMOS  electronics.  However,  the  strain  gradient 
required  for  inertial  sensor  applications  is  difficult  to  achieve  with  as-deposited  films. 

Approaches  to  reduce  the  strain  gradient  of  LPCVD  poly-SiGe  are  investigated. 
Correlation  between  the  strain  gradient  and  film  microstructure  is  found  using  stress- 
depth  profiling  and  cross-sectional  TEM  analysis.  The  effects  of  film  deposition 
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conditions  on  film  microstructure  are  also  detennined.  Boron-doped  poly-SiGe  films 
generally  have  vertically  oriented  grains  —  either  conical  or  columnar  in  shape.  Films 
with  conical  grain  structure  have  large  strain  gradient  due  to  highly  compressive  stress  in 
the  lower  (initially  deposited)  region  of  the  film.  Films  with  small  strain  gradient  usually 
have  columnar  grain  structure  with  low  defect  density.  It  is  also  found  that  the  unifonnity 
of  films  deposited  in  a  batch  LPCVD  reactor  can  be  improved  by  increasing  the  deposited 
film  thickness,  using  a  proper  seeding  layer,  and/or  depositing  the  film  in  multiple  layers. 
The  best  strain  gradient  achieved  in  our  academic  research  laboratory  is  l.lxlO'6  pm'1  for 
a  ~3.5  pm  thick  film  deposited  at  410°C  in  8  hours,  with  a  worst-case  variation  across  a 
150  nun-diameter  wafer  of  1.6><10'5  pm"1  and  a  worse-case  variation  across  a  load  of 
twenty-five  wafers  of  7X10"5  pm"1.  The  effects  of  post-deposition  annealing  and  argon 
implantation  on  mechanical  properties  are  also  studied.  While  the  as-deposited  film  can 
achieve  the  desired  mechanical  properties,  post-deposition  processing  at  elevated 
temperatures  can  degrade  the  strain  gradient. 
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Chapter  1:  Introduction 


1.1  Process  strategies  for  MEMS  and  CMOS  integration 

The  ability  to  integrate  MEMS  and  IC  technology  is  highly  desirable  for  high 
performance  MEMS  devices.  There  are  two  main  challenges  in  integration:  standard 
metallization  of  electronic  circuits  limits  the  post  process  temperature  to  be  below  450°C, 
and  the  large  topography  after  the  MEMS  process  limits  the  compatibility  with  further 
lithography  steps.  Using  silicon  as  the  MEMS  structural  material,  most  of  the  integration 
processes  have  mixed  fabrication  of  both  MEMS  and  CMOS  steps  to  overcome  the 
temperature  limit  of  the  CMOS  and  the  topography  problem  created  by  the  MEMS 
structures.  Some  examples  include  Analog  Devices’  /MEMS®  process  [1.1],  Sandia 
National  Laboratory’s  embedded  MEMS  process  [1.2]  and  UC  Berkeley’s  SOI  process 
[1.3].  All  these  mixed  fabrication  processes  are  specialized  and  foundry  services  are 
limited. 

To  take  advantage  of  the  low  manufacturing  cost  of  foundry  services,  modular 
integration  of  MEMS  and  CMOS  electronics  has  received  substantial  interest.  In 
addition,  modular  integration  allows  separate  development  and  optimization  of  the 
MEMS  and  the  CMOS  modules.  Modular  integration  can  have  the  MEMS  steps  first  or 
the  CMOS  steps  first. 

For  MEMS-first  modular  integration,  single  crystal  or  epitaxial  silicon  surface  is 
required  for  the  CMOS  module.  Stanford’s  and  Bosch’s  wafer-scale  encapsulation 
process  using  epitaxial  silicon  has  the  potential  for  MEMS-first  modular  integration  [1.4], 
[1.5],  The  schematic  of  the  wafer-scale  encapsulation  process  is  shown  in  Figure  1.1.  The 


1 


starting  material  is  an  SOI  wafer.  The  buried  oxide  serves  as  the  sacrificial  material,  and 
the  MEMS  structures  are  defined  by  lithography  and  deep  reactive  ion  etching.  A  layer  of 
gasket  oxide  is  deposited  as  the  sacrificial  material  between  the  MEMS  structures  and  the 
capping  layer.  The  gasket  oxide  is  patterned  and  removed  from  the  MEMS  anchor 
regions  and  the  circuit  areas.  Then  10  pm  of  silicon  is  grown  in  an  epitaxial  reactor  at 
1000°C.  Polycrystalline  silicon  is  deposited  over  the  oxide,  serving  as  the  capping  layer; 
single  crystal  silicon  is  grown  where  the  gasket  oxide  is  removed.  Etch  holes  are  defined 
and  the  structure  is  released  with  vapor  HF.  The  etch  holes  are  then  sealed  with  thermal 
oxide.  The  thermal  oxide  is  removed  from  the  metal  contact  area  and  the  single  crystal 
silicon  area.  CMOS  process  can  be  potentially  done  on  the  single  crystal  silicon  area  after 
the  MEMS  process.  In  this  approach,  the  MEMS  structures  are  made  out  of  the  single 
crystal  silicon  device  layer  of  the  SOI  wafer,  and  high-quality  inertial  sensors  and  RF 
resonators  can  be  built.  Also,  the  10  pm  thick  encapsulation  layer  can  withstand 
conventional  back-end  packaging  process,  such  as  dicing  and  injection  molding. 
However,  for  the  CMOS  module,  the  electronic  circuits  cannot  be  placed  directly  on  top 
of  the  MEMS  area  due  to  the  selective  epitaxial  growth.  Also,  controlling  the  quality  of 
the  epitaxial  silicon  is  very  challenging  for  the  circuitry  areas. 
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Figure  1.1  Schematic  of  wafer-scale  encapsulation  for  MEMS-first  integration  [1.5] 


For  CMOS-first  modular  integration,  low  process  temperature  materials  are  used 
for  the  MEMS  steps  to  overcome  the  temperature  limit  imposed  by  the  foundry  CMOS. 
For  example,  Texas  Instruments  has  a  commercially  successful  process  to  make  digital 
micromirror  displays  using  a  Ti-Al  alloy  [1.6].  IBM  is  developing  a  copper-based 
MEMS  process  for  RF  switches  and  resonators  [1.7].  Aluminum  nitride  (AIN)  is  being 
explored  as  the  structural  material  for  RF  filters  and  resonators  at  UC  Berkeley  [1.8]. 
Amorphous  silicon  (a-Si:H)  has  been  demonstrated  for  bimorph  thermal  actuator 
application  by  University  of  Waterloo [1.9].  Polycrystalline-silicon-germanium  (poly- 
SiGe)  is  another  low-temperature  surface  micromachining  material.  Compared  to  Ti-Al, 
Cu,  AIN  and  a-Si:H  films,  poly-SiGe  has  similar  properties  and  process  as  the 
conventional  surface  micromachining  material  polycrystalline-silicon  (poly-Si).  Also, 
poly-SiGe  can  be  used  for  adaptive  optics  [1.10],  RF  resonators  [1.11]  and  inertial 
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sensors  applications  [1.12].  Figure  1.2  is  a  schematic  of  a  SiGe  MEMS  resonator  built  on 
top  of  foundry  CMOS  electronics.  After  the  completion  of  the  CMOS  steps,  contacts  are 
opened  and  vias  to  the  electronics  are  first  made.  Sacrificial  material  can  be  either  silicon 
dioxide  or  pure  germanium.  Poly-SiGe  is  used  as  the  structural  material.  In  this  approach, 
MEMS  devices  are  built  directly  on  top  of  the  circuitry,  reducing  interconnect  resistance 
and  saving  valuable  die  area.  Since  there  is  a  temperature  constraint  on  the  MEMS 
process,  the  mechanical  properties  of  poly-SiGe  are  not  as  good  as  the  single  crystal 
silicon  used  in  the  wafer-scale  encapsulation  process  discussed  above.  The  Young’s 
modulus  and  quality  factor  of  poly-SiGe  are  slightly  lower  than  those  of  single  crystal 
silicon  or  poly-Si.  With  the  temperature  limitation,  achieving  the  specifications  of  the  low 
residual  stress  and  strain  gradient  for  inertial  sensor  applications  are  the  main  challenges 
for  poly-SiGe.  This  work  studies  the  control  of  the  desired  poly-SiGe  materials  properties 
with  the  temperature  constraint. 


Figure  1.2  Schematic  of  modular  integration  of  MEMS 
(courtesy  of  R.  T.  Howe  and  B.  L.  Bircumshaw) 
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1.2  SiGe  research  in  IC  and  MEMS 


Silicon-germanium  has  been  studied  extensively  as  the  base  material  for 
heterojunction  bipolar  junction  transistors  [1.13],  [1.14];  as  the  gate,  source/drain  or 
channel  material  for  CMOS  devices  [1 . 1 5]-[  1 . 1 7];  and  as  the  absorption  material  for 
optical  or  thermal  electronics  [1.1 8]-[l .20].  Recently,  poly-SiGe  has  been  investigated  as 
an  alternative  structural  material  for  surface  micromachining.  Poly-SiGe  has  materials 
properties  that  are  similar  to  those  of  poly-Si.  In  contrast  to  poly-Si,  poly-SiGe  can  be 
deposited  and  crystallized  at  very  low  temperatures  with  good  stability,  which  makes  it 
promising  for  post-CMOS  integration  of  MEMS  [1.12],  [1.21],  [1.22].  This  modular 
approach  to  MEMS  integration  is  an  attractive  route  to  higher-perfonnance  and  lower- 
cost  microsystems. 

Several  approaches  to  depositing  poly-SiGe  for  MEMS  applications  have  been 
investigated  by  various  research  groups:  atmospheric-  or  reduced-pressure  chemical 
vapor  deposition  (APCVD  or  RPCVD)  [1.23],  low-pressure  chemical  vapor  deposition 
(LPCVD)  [1.21],  [1.24],  [1.25],  plasma  enhanced  chemical  vapor  deposition  (PECVD) 
[1.24],  [1.26],  [1.27]  and  pulsed  laser  deposition  (PLD)  [1.28].  The  deposition  rate  for  the 
APCVD  or  RPCVD  processes  is  about  4  nm/min  at  520°C,  which  is  too  low  to  be 
economical  at  CMOS  compatible  temperatures.  Films  deposited  by  PLD  have  high 
particle  density  and  require  addition  annealing  for  crystallization.  Poly-SiGe  LPCVD  and 
PECVD  processes  are  well  established  and  most  promising  for  use  in  manufacturing.  The 
deposition  rate  for  the  PECVD  process  is  about  100  nm/min  at  450°C,  which  is  about  6X 
higher  than  that  of  the  LPCVD  process  at  the  same  temperature.  On  the  other  hand, 
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PECVD  films  typically  have  very  high  hydrogen  content.  The  hydrogen  evolves  with 
excimer  laser  annealing  and  leaves  small  pores  in  the  film  [1.29].  While  the  LPCVD 
process  has  lower  deposition  rate,  it  usually  has  a  large  batch  size  for  higher  throughput 
and  lower  cost.  Also,  excimer  laser  annealing  does  not  result  in  pores  in  LPCVD  film 
[1.30].  Another  major  advantage  of  LPCVD  process  is  its  confonnal  coverage  of  all 
surfaces,  which  can  also  be  used  for  planarization  and  gap  filling.  While  PECVD  and 
LPCVD  poly-SiGe  processes  are  both  promising  for  post-CMOS  integration,  recent 
research  has  focused  on  pushing  down  the  thermal  budget,  fine  tuning  the  materials 
properties  and  developing  a  robust  process  for  large  volume  production. 

1.3  Desired  MEMS  properties  for  poly-SiGe 

The  desired  SiGe  properties  for  MEMS  applications  are  very  different  from  those 
of  electronic  device  applications.  In  general,  a  film  thicker  than  2  pm  is  needed  for  lateral 
capacitive  sensing.  For  post  CMOS  processing,  the  deposition  temperature  of  poly-SiGe 
is  limited  to  below  450°C.  Deposition  rate  and  crystallinity  of  the  film  can  be  improved 
with  higher  gennanium  content.  However,  the  etch  selectivity  of  a  pure  gennanium 
sacrificial  layer  to  a  poly-SiGe  structural  layer  for  H2O2  etching  decreases  with  increasing 
gennanium  content  in  the  poly-SiGe  film.  A  germanium  content  of  60%  is  desired  for 
reasonable  deposition  rate  and  crystallinity  with  adequate  resistance  to  H2O2  etching.  In 
order  to  have  good  electrical  connection  to  the  electronics,  the  desired  resistivity  is  below 
10  mfl-cm  for  RF  MEMS  applications.  For  inertial  sensor  applications  with  long 
suspension  length,  low  residual  stress  and  strain  gradient  are  required.  To  avoid  buckling 
of  a  clamped-clamped  beam,  a  small  tensile  residual  stress  is  desired.  However,  with 
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special  design,  films  with  compressive  stress  can  also  be  used.  Low  strain  gradient  is  the 
most  critical  requirement  for  inertial  sensor  applications.  The  typical  strain  gradient 
specification  for  inertial  sensors  is  less  than  1x10°  pm'1,  which  results  in  less  than  5  pm 
tip  deflection  for  a  1  mm  long  beam.  In  addition  to  the  above  materials  requirements, 
developing  a  high  throughput,  high  yield  and  repeatable  process  is  critical  for  large 
volume  production. 

1.4  Overview  of  dissertation 

This  work  presents  the  materials  and  the  process  development  of  LPCVD  poly- 
SiGe.  This  dissertation  is  organized  in  the  following  chapters: 

Chapter  2  reviews  the  LPCVD  poly-SiGe  reactor.  The  deposited  thin-film 
materials  properties  and  the  robustness  of  the  process  heavily  depend  on  the  condition  of 
the  reactor.  The  configuration,  the  design,  the  operation  and  the  process  monitoring  of  the 
reactor  are  discussed. 

In  Chapter  3,  the  development  and  the  challenges  of  using  new  process  gases  are 
described.  Boron  trichloride  (BCfi)  has  been  successfully  developed  as  a  better  p-type 
dopant  gas  to  replace  diborane  (B2H6);  disilane  (Si2H6)  is  investigated  as  a  silicon 
precursor;  germyl  silanes  ((TLGe^SiTL-x)  are  reviewed  as  the  potential  single-source 
silicon  and  gennanium  precursors. 

Chapter  4  describes  the  process  development  to  achieve  the  desired  materials 
properties  for  RF  MEMS  and  inertial  sensor  applications.  The  focus  is  on  optimizing  the 
strain  gradient  of  the  film,  which  is  the  most  challenging  materials  property  for  inertial 
sensor  applications.  Uniformity  and  repeatability  of  the  process  are  also  discussed. 
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In  Chapter  5,  the  effects  of  post-deposition  processing  on  the  materials  properties 
are  investigated.  Also,  a  study  of  the  CMOS  thennal  budget  limits  is  presented. 

Chapter  6  summarizes  the  main  contributions  of  this  work  and  suggests  future 
directions. 
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Chapter  2:  LPCVD  Poly-SiGe  Technology 


Low  pressure  chemical  vapor  deposition  (LPCVD)  is  an  industry  standard 
deposition  technique  commonly  used  to  form  poly-Si,  silicon  dioxide  and  silicon  nitride 
films.  Chemical  vapor  deposition  involves  the  thermal  decomposition  of  source  gases  to 
form  a  solid  thin  film  directly  on  the  wafer  substrate.  LPCVD  has  the  advantage  of  high 
throughput,  confonnal  step  coverage  and  good  uniformity.  In  this  section,  the 
configuration,  the  design,  the  operation  and  the  process  monitoring  of  the  LPCVD  poly- 
SiGe  reactor  are  presented. 

2,1  LPCVD  Reactor  Overview 

In-situ  doped  poly-SiGe  films  were  deposited  in  a  Tystar  hot-wall  horizontal 
LPCVD  reactor,  approximately  125  cm  in  length  and  23  cm  in  diameter  (Figure  2.1). 
This  reactor  is  configured  to  accommodate  various  process  conditions  and  hardware 
modifications  in  an  academic  research  environment.  The  operating  pressure  range  of  the 
furnace  is  100  mTorr  -  2000  mTorr  and  the  operating  temperature  range  is  300°C  - 
450°C.  There  are  four  channels  for  precursor  gases  and  two  channels  for  dopant  gases 
with  various  flow  ranges.  Process  gases  can  be  introduced  into  the  tube  via  the  gas  ring  or 
the  injector.  Unreacted  gases  are  pumped  out  to  the  exhaust.  This  furnace  is  capable  of 
processing  both  100  mm-diameter  and  150  mm-diameter  wafers.  Wafers  are  placed 
vertically  in  wafer  boats  at  the  center  of  the  reactor.  There  is  a  computer  connected  to  the 
reactor  for  process  control  and  recipe  management.  The  furnace  normally  runs  in  an 
automatic  mode.  It  can  also  be  operated  manually  for  setup  verification  or  trouble 
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shooting.  Since  hazardous  chemicals  are  used,  there  are  multiple  safety  interlocks 
implemented  in  the  software  and  the  hardware. 


2.2  Process  gases 

The  details  of  all  the  process  gases  are  listed  in  Table  2.1  below.  Pure  silane 
(SiTh)  or  disilane  (Si2H6)  and  germane  (GeTLj)  are  available  as  the  gaseous  silicon  and 
germanium  precursor  gases,  respectively.  Boron  trichloride  (BC13),  diborane  (B2H6)  and 
phosphine  (PH3)  can  be  used  as  the  dopant  gases.  The  dopant  gases  are  diluted  to  target 
the  desired  doping  concentration  in  the  film.  Most  of  the  precursor  and  dopant  gases  are 
reactive  and  are  health  or  lire  hazards.  Toxic  and  flammable  gases  are  stored  in  exhausted 
gas  cabinets,  each  with  a  sprinkler  and  a  gas  leak  detector.  The  N2  bottle  is  hooked  up  to 
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three  lines  since  it  has  three  roles  in  the  furnace:  N2Dope  -  to  monitor  the  injector 
condition  and  to  prevent  deposition  in  the  injector  for  undoped  film  processes;  N2Vac  - 
to  reduce  the  pumping  efficiency  for  pressure  control;  N2BKFL  -  to  flush  out  toxic  gases 
and  bring  the  tube  to  atmospheric  pressure. 


TABLE  2.1  Summary  of  process  gases  (Hazards  information  from  MSDS  of  Matheson  Tri-Gas,  Inc.) 


Gas 

Cone. 

Range 

(seem) 

Function 

Route 

Hazards  (NFPA  rating) 

Status 

Health 

Fire 

Reactivity 

SiH4 

100% 

200 

Silicon  precursor 

Gas  ring 

2 

4 

3 

Active 

Si2H6 

100% 

200 

Silicon  precursor 

Gas  ring 

1 

4 

2 

Active 

GeH4 

100% 

200 

Gennanium  precursor 

Gas  ring 

3 

4 

2 

Active 

BC1, 

1%  in  He 

50 

Boron  dopant 

Injector/gas  ring 

3 

0 

2 

Active 

B2H6 

10%  in  H2 

100 

Boron  dopant 

Injector/gas  ring 

4 

4 

3 

Inactive 

PH, 

50%  in  H2 

10 

Phosphorous  dopant 

Injector/gas  ring 

4 

4 

2 

Inactive 

N, 

100% 

100 

Injector  maintenance 

Injector/gas  ring 

1 

0 

0 

Active 

n2 

100% 

2000 

Pressure  control 

Pump 

1 

0 

0 

Active 

n2 

100% 

5000 

Flush  and  backfill 

Gas  Ring 

1 

0 

0 

Active 

As  shown  in  Figure  2.1,  process  gases  can  be  introduced  into  the  reactor  either 
through  the  gas  ring  located  at  the  door  (load)  end  of  the  tube  or  through  the  multi-pore 
injector  located  beneath  the  wafer  boats.  Silicon  and  gennanium  precursor  gases  are 
introduced  from  the  door  end  through  the  gas  ring;  the  dopant  gases  are  introduced  from 
the  pump  side  via  the  injector.  Introducing  the  dopant  gases  via  the  gas  ring  is  also 
feasible.  During  deposition,  reaction  gases  are  consumed  faster  at  the  gas  inlet  and  their 
partial  pressures  are  depleted  down  the  stream.  The  depletion  effect  across  the  load  is 
more  pronounced  for  gases  introduced  via  the  gas  ring.  The  multi-pore  injector  helps  to 
reduce  the  cross-load  depletion  effect  by  injecting  gas  at  multiple  pores  along  the  load. 
The  pores  have  increasing  diameter  along  the  line  of  gas  flow  to  compensate  the  pressure 
loss  along  the  stream.  Since  the  injector  pores  are  small,  the  pressure  inside  the  injector  is 
fairly  high.  Silicon  and  germanium  precursor  gases  should  not  be  introduced  through  the 
injector  because  the  injector  is  at  the  deposition  temperature  and  the  injector  pores  will 
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quickly  clog  due  to  the  high  SiGe  deposition  rate  inside  the  injector.  On  the  other  hand, 
the  pores  in  the  gas  ring  do  not  clog  readily  because  they  have  large  orifices  and  the  gas 
manifold  temperature  is  lower  than  the  deposition  chamber  temperature. 

The  dopant  gas  can  also  clog  up  the  injector  but  by  a  different  mechanism.  Efifb 
can  easily  decompose  into  a  solid  polymer  BxHy  in  the  furnace  operating  temperature 
range  [2.1].  The  polymer  slowly  builds  up  inside  the  injector.  After  a  certain  threshold, 
the  dopant  gas  flow  can  no  longer  be  approximated  as  unifonn,  and  the  deposition  results 
in  cloudy  film  having  high  resistivity.  An  injector  change  is  required  at  this  point.  The 
B2H6  doping  process  was  terminated  after  the  alternative  boron  dopant  gas  BCfi  was 
successfully  demonstrated. 

The  gas  line  for  phosphine  (PH3)  is  also  inactive.  For  post-CMOS  SiGe 
deposition,  low  thermal  budget  is  the  essential  requirement.  Phosphine  retards  the 
deposition  rate  and  extra  annealing  is  required  to  activate  the  dopant  [2.2].  With  the 
precursor  gases  SiH4,  SfiFfi  and  GeH4  introduced  via  the  gas  ring  and  BCfi  introduced 
via  the  injector,  there  remain  one  precursor  gas  channel  and  one  dopant  gas  channel 
available  in  the  reactor  for  advanced  process  experiments. 

2.3  Process  recipes 

Process  recipes  are  stored  in  the  control  computer.  Process  temperature,  process 
pressure,  gas  flow  rates  and  deposition  time  are  the  variables  in  the  recipe.  The  recipe  has 
a  pre-programmed  process  sequence.  A  typical  deposition  recipe  consists  of  the  following 
steps:  pump/purge  cycles  after  wafer  loading,  leak  check,  process  parameters 
(temperature,  gas  flow  rate  and  pressure)  stabilization,  deposition,  and  finally 
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pump/purge  cycles  to  flush  out  the  unreacted  process  gases  and  bring  the  pressure  up  to 
atmospheric  pressure.  Multiple  depositions  with  different  process  parameters  can  be 
programmed  into  one  recipe.  If  the  process  parameters  are  out  of  tolerance,  the  recipe 
will  go  to  an  abort  sequence,  which  shuts  off  all  the  toxic  gases  and  flushes  the  tube  with 
nitrogen.  The  process  can  be  re-directed  to  normal  mode  manually  after  trouble-shooting. 

A  standby  recipe  is  loaded  if  the  furnace  is  not  running  a  deposition.  The  standby 
recipe  consists  of  a  5-minute  S^Fb  coating  step  at  450°C  for  conditioning  purpose.  After 
the  coating  step,  the  tube  is  flushed  and  held  in  No  ambient. 

2.4  Wafer  placement 

About  50  wafers  can  be  loaded  vertically  in  the  SiGe  reactor.  Wafers  can  be 
placed  in  either  open  wafer  boats  or  caged  wafer  boats.  Figure  2.2  shows  both  wafer  boat 
configurations.  Boats  with  different  length  and  wafer  spacing  are  readily  available. 
Process  gases  can  reach  the  wafers  in  open  boat  from  all  directions,  whereas  the  gases 
can  only  enter  through  the  slots  of  the  caged  boat.  For  mass  transport-limited  deposition, 
the  deposition  rate  tends  to  be  higher  towards  the  wafer  edge  for  open  boat  configuration 
due  to  diffusion  effects.  In  such  a  case,  caged  boat  can  improve  the  cross-wafer 
uniformity  significantly.  If  the  deposition  is  surface  reaction-limited,  the  uniformity  is 
about  the  same  for  both  wafer  boat  configurations.  In  this  case,  the  deposition  rate  is 
significantly  lower  for  wafers  sitting  inside  the  caged  boat  due  to  the  loading  effect  of  the 
wafer  boat  surface.  The  surface  area  of  the  caged  boat  is  about  the  same  as  that  of  the 
wafers  sitting  inside.  Process  gases  are  consumed  by  the  deposition  on  the  wafer  boat 
surface. 
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Figure.  2.2  a)  Open  boat;  b)  Caged  boat  [2.3] 


Since  an  LPCVD  system  is  a  batch  reactor,  the  throughput  can  be  increased  by 
using  the  maximum  number  of  process  wafers.  However,  there  are  tradeoffs  between 
throughput  and  uniformity.  The  number  of  wafers  in  the  reactor  is  limited  by  the  length 
of  the  temperature  flat  zone  and  by  gas  transport.  Process  temperature  has  less  fluctuation 
at  the  center  of  the  tube.  The  process  gases  are  consumed  as  they  travel  down  the  tube, 
resulting  in  a  higher  deposition  rate  for  wafers  sitting  near  the  gas  inlet.  There  is  also  a 
limit  on  wafer  spacing.  If  wafers  are  placed  too  close  to  each  other,  diffusion  transport 
limitations  could  result  in  higher  deposition  rate  at  wafer  edges. 

Both  100  mm-diameter  and  150  nun-diameter  wafers  can  be  placed  on  wafer 
boats  sitting  on  the  cantilevers.  However,  the  100  mm-diameter  wafers  are  placed  below 
the  center  axis  in  the  230  mm-diameter  reactor  and  there  is  more  open  space  for  gas  flow 
on  the  top  of  the  wafer.  By  comparison,  150  mm-diameter  wafers  are  nearly  centered  in 
the  reactor,  resulting  in  better  cross-wafer  deposition  uniformity. 

The  placement  of  the  wafers  in  the  boat  and  the  placement  of  the  boat  on  the 
cantilevers  both  affect  the  characteristics  of  the  deposited  film.  In  order  to  achieve 
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reproducible  results,  consistency  in  wafer  placement  is  necessary.  Wafers  sitting  at  the 
leading  and  trailing  edges  of  the  load  usually  have  worse  uniformity  due  to  vortexes. 
Therefore,  dummy  wafers  should  be  placed  at  the  edges. 

2.5  Quartz  tube 

The  process  tube  is  made  of  quartz.  Since  the  reactor  is  a  hot-wall  system, 
deposition  occurs  on  the  quartz  wall  as  well  as  on  the  wafers.  The  deposited  SiGe  film 
has  good  adhesion  to  the  quartz  wall.  The  film  is  compressive  and  the  stress  applied  on 
the  quartz  wall  increases  as  the  film  gets  thicker.  Also,  poly-SiGe  and  quartz  have 
different  thennal  expansion  coefficients.  The  quartz  tube  will  eventually  crack  due  to 
stress  and  thennal  cycling.  In  industry,  the  quartz  tube  is  pulled  out  and  cleaned  regularly 
because  it  is  very  expensive  to  ruin  a  full  load  of  wafers  that  have  gone  through  many 
process  steps.  In  an  academic  research  laboratory,  the  cost  of  changing  the  quartz-ware  is 
lower  compared  to  that  of  regular  cleaning.  In  this  case,  the  quartz  tube  stays  in  the 
furnace  until  it  cracks.  Tube  cracking  is  not  a  safety  hazard,  since  the  tube  operates  at  low 
pressure  during  deposition,  the  toxic  and  flammable  process  gases  cannot  leak  out  unless 
the  pump  fails  at  the  same  time.  Also  the  reactor  is  enclosed  in  an  exhausted  gas  cabinet. 
In  addition,  the  tube  usually  cracks  during  loading  and  unloading  when  temperature  and 
pressure  change  significantly. 

The  quartz  tube  usually  cracks  near  the  door  where  there  is  a  greater  temperature 
gradient  and  the  deposited  film  is  thicker.  A  liner  can  be  used  to  increase  the  lifetime  of 
the  tube.  The  liner  is  an  extra  piece  of  quartz  cylinder  inserted  inside  the  tube  that  can 
significantly  reduce  the  deposition  on  the  tube.  Since  the  vacuum  is  held  by  the  tube, 
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process  does  not  go  down  with  small  cracks  on  the  liner  wall  unless  it  collapses.  Recent 
year’s  process  record  shows  that  the  lifetime  of  the  quartz  tube  is  about  200  hours  of 
deposition,  which  corresponds  to  roughly  100  pm  of  film  thickness. 

A  5  minute  leak  monitor  step  is  set  up  in  all  recipes  to  monitor  the  rate  of  the 
pressure  rise  in  the  tube.  The  furnace  is  hard -pumped  in  the  previous  step.  The  pump  is 
then  turned  off  for  5  minutes  and  pressure  rise  is  measured.  The  initial  intention  for  this 
monitor  step  was  to  correlate  the  rate  of  pressure  rise  and  the  quartz  tube  lifetime.  No 
strong  correlation  between  the  rate  of  pressure  rise  and  the  quartz  tube  lifetime  was 
found,  but  the  origin  of  the  pressure  rise  was  determined. 

The  leak  monitor  step  is  set  up  in  two  different  ways.  In  the  standby  recipe,  the 
leak  monitor  was  done  quite  early  in  the  process  sequence,  before  the  temperature 
stabilization.  For  the  deposition  recipe,  the  leak  monitor  was  done  after  the  temperature 
stabilization.  It  turns  out  that  the  leak  rate  for  the  standby  recipe  is  usually  about  10 
mTorr/min  and  always  <1  mTorr/min  for  the  deposition  recipe.  The  standby  recipe  is 
usually  loaded  after  users  remove  their  wafers.  The  rising  pressure  is  caused  by  moisture 
outgasing  after  loading.  For  the  deposition  recipe,  the  leak  monitor  was  done  after  the 
quartz  ware  was  baked  out  for  more  than  an  hour.  If  the  standby  recipe  is  run  after  the 
door  is  closed  for  a  few  hours,  the  rate  of  rise  goes  down  significantly. 

The  pressure  sensor  is  not  good  enough  to  measure  the  rate  of  pressure  rise  due  to 
the  real  leaking  since  it  is  designed  to  measure  the  deposition  pressure  in  the  100  mTorr 
range.  The  small  leak  rate  results  in  an  oxygen  content  in  the  poly-SiGe  film  in  the  order 
of  1x10  cm'  ,  compared  to  1x10  cm"  in  an  industrial  reactor  with  a  N2  load-lock 
chamber. 
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2.6  Operation  control 

2.6.1  Pressure  control 

The  pressure  in  the  furnace  is  controlled  by  the  pump,  the  pressure  gauge  and  the 
N2Vac  line  using  feedback.  The  base  pressure  can  reach  <1  mTorr  while  the  pump  is 
running  at  its  full  power  and  there  is  no  gas  flowing  in  the  furnace.  Typical  rate  of  rise  is 
4  mTorr/min  when  the  pump  is  turned  off  and  the  quartz  tube  is  in  good  condition. 
Flowing  process  gases  increase  the  pressure,  yet  the  pressure  is  still  typically  below  the 
desired  process  pressure.  The  process  pressure  is  measured  by  the  pressure  gauge  located 
near  the  door.  To  adjust  the  pressure,  a  controlled  amount  of  nitrogen  (N2Vac  line)  is 
introduced  to  the  pump  to  reduce  its  efficiency.  For  a  particular  amount  of  process  gas 
flow,  the  minimum  achievable  process  pressure  is  set  by  the  pumping  efficiency;  the 
maximum  achievable  process  pressure  is  set  by  the  upper  limit  of  N2Vac  flow  used  to 
reduce  the  pumping  speed.  A  particular  feedback  setting  can  accommodate  a  range  of 
pressure  with  a  fixed  total  gas  flow  rate.  With  proper  feedback  setting,  the  usual  settling 
time  for  the  pressure  is  about  1  minute  and  the  process  is  capable  of  pressure  change 
during  deposition. 

2.6.2  Temperature  control 

The  temperature  control  system  includes  a  five-zone  resistor  coil  heater  and  two 
sets  of  thennocouple  tubes  mounted  inside  and  outside  of  the  reactor.  The  two  outer 
zones  of  the  heater  are  called  the  guard  zones.  Since  heat  is  lost  faster  at  the  door  end  and 
the  pump  end  of  the  tube,  the  two  guard-zone  heaters  run  at  higher  powers  than  those  in 
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the  center  flat  zone.  The  center  flat  zone  has  three  heaters,  which  makes  temperature 
gradient  control  possible.  The  manufacturer’s  nominal  operating  temperature  of  this 
particular  furnace  is  600°C  for  the  best  temperature  control.  However,  the  desired 
deposition  temperature  for  poly-SiGe  is  in  the  range  of  400°C  -  450°C  and  even  lower 
for  pure  poly-Ge.  For  the  low  temperature  range,  the  heater  is  only  running  at  20  -  30% 
of  its  full  power.  The  feedback  control  between  the  heater  and  the  thermocouple  is 
digitized,  and  small  changes  can  vary  the  temperature  significantly  at  the  low  temperature 
range.  As  a  result,  the  temperature  profile  during  deposition  is  approximately  a  sinusoidal 
function  with  a  peak-to-peak  amplitude  of  6°C  and  a  period  of  25  minutes.  A  typical 
temperature  profile  of  a  425  °C  deposition  is  shown  in  Figure  2.3.  The  temperature 
profiles  recorded  by  the  five  thermocouples  are  labeled  in  the  plot.  The  pump  side  and  the 
door  side  temperatures  have  the  most  fluctuations.  It  usually  takes  an  hour  for  the 
temperature  to  settle  within  ±  5°C  of  the  set  point. 

Temperature  calibration  can  help  to  stabilize  the  temperature  faster.  During  the 
calibration  session,  the  heater  power  for  a  particular  temperature  is  stored  in  memory  for 
future  reference.  This  can  significantly  reduce  the  adjustment  time  during  temperature 
stabilization.  Since  the  heater  condition  changes  over  time,  temperature  calibration 
should  be  done  regularly,  especially  after  a  power  shutdown. 
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Fig.  2.3  Temperature  and  power  profiles  of  a  425  °C  deposition 


2.6.3  Gas  flow  rate  control 

The  flow  rate  of  each  gas  is  controlled  by  individual  mass  flow  controllers 
(MFC).  The  MFC  range  for  each  gas  is  showed  in  Table  2.1  in  seem.  The  manufacture’s 
specification  is  ±1%  output  error  the  for  gas  flow  within  5%  to  95%  of  the  full  range. 

Figure  2.4  shows  the  schematic  of  a  mass  flow  controller.  It  can  be  separated  into 
two  main  components:  a  mass  flow  meter  (MFM)  and  a  proportional  controller.  The  mass 
flow  meter  divides  the  flow  between  a  heated  sensing  tube,  where  the  mass  flow  is 
actually  measured,  and  a  flow  bypass,  where  the  majority  of  flow  passes.  Mass  flow 
meters  use  the  thermal  properties  of  a  gas  to  directly  measure  the  mass  flow  rate.  The 
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resistors  wrapped  around  the  sensing  tube  serve  as  both  the  heating  and  sensing  elements. 
As  the  gas  flow  through  the  heated  sensing  tube,  it  absorbs  some  heat,  and  creates  a 
temperature  difference  along  the  stream.  The  temperature  difference  between  the  two 
resistors  is  measured  by  a  Wheatstone  bridge  so  that  mass  flow  in  the  sensor  tube  can  be 
determined.  Since  each  gas  molecule  has  a  specific  ability  to  pick  up  heat,  each  MFC  is 
calibrated  to  a  particular  gas  or  gas  mixture.  The  other  main  component,  the  proportional 
controller,  consists  of  a  variable  displacement  solenoid  valve  and  the  control  electronics. 
The  controller  drives  the  valve  to  the  correct  position  so  that  the  measured  flow  equals 
the  desired  flow  set  point. 


Fig.  2.4  Mass  flow  controller  schematic  [2.4] 
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2.7  Process  monitor 


2.7.1  Automatic  process  condition  monitor 

The  furnace  control  computer  has  the  capability  to  monitor  the  real-time  process 
condition.  The  computer  acquires  data  from  the  reactor  every  30  seconds.  Temperature, 
pressure,  gas  flow  rates,  gas  valve  conditions  are  recorded  and  archived  in  the  computer. 
Figure  2.3  is  a  typical  example  of  temperature  and  heater  power  for  a  deposition.  The 
data  acquisition  runs  24  hours  a  day.  This  archival  data  is  very  useful  for  trouble  shooting 
aborted  depositions  and  maintaining  statistical  process  control. 

2.7.2  Process  logbook 

In  additional  to  the  automatic  process  monitoring,  a  process  logbook  (Appendix 
C)  has  been  manually  maintained  since  2002  to  better  sustain  the  process.  The  process 
logbook  contains  the  process  condition  for  all  depositions,  problem  reports  and 
maintenance  notes.  Historical  information  of  the  reactor  has  been  studied  for  failure 
analysis,  design  improvement  and  new  process  qualification. 

2.7.3  Injector  condition  monitor 

As  discussed  in  Section  2.2,  injector  clogging  caused  by  dopant  gas  B2H6  is  a 
main  challenge  for  uniformity  and  repeatability  control.  As  shown  in  Figure  2.1,  the 
injector  is  hooked  up  to  the  dopant  gases  and  N2Dope  line.  Dopant  gas  is  used  during 
deposition  and  N2Dope  is  used  during  standby.  A  pressure  gauge  is  mounted  at  the 
upstream  of  the  injector  to  monitor  the  clogging  condition.  When  there  is  some  gas 
flowing  through  the  injector,  pressure  will  build  up  and  it  can  be  measured  by  the 
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pressure  gauge.  As  the  injector  clogs,  the  pressure  reading  will  go  up.  The  reading  of  the 
pressure  gauge  depends  on  several  factors: 


•  The  gas  flow  rate  through  the  injector 

•  The  temperature  of  the  tube 

•  The  pressure  of  the  tube 

•  The  clogging  condition  of  the  injector 

For  injector  monitoring  purposes,  the  pressure  gauge  reading  vs.  the  clogging 
condition  is  of  highest  interest.  The  simplest  approach  is  to  keep  all  other  factors  constant 
and  make  the  clogging  condition  the  only  dependence  of  the  pressure  gauge  reading. 
However,  it  is  important  to  know  how  small  fluctuations  of  other  factors  could  affect  the 
pressure  gauge  reading  before  taking  the  simplified  approach.  A  monitor  recipe  can  be 
chosen  after  identifying  critical  parameters  in  injector  pressure  gauge  reading.  The 
control  limit  for  injector  change  can  be  determined  by  comparing  a  good  injector  and  a 
clogged  injector.  To  identify  critical  parameters  in  injector  pressure  gauge  output,  full 
factorial  design  is  used  because  the  experiment  is  neither  time  consuming  nor  expensive. 

Flowing  either  B2H6/H2  mixture  or  N2dope  generates  a  pressure  inside  the 
injector;  therefore  the  injector  condition  monitoring  could  be  done  during  either 
deposition  or  standby.  For  the  interest  of  reducing  B2H6  usage,  N2  is  chosen  as  the 
monitoring  gas.  Since  the  N2Dope  MFC  has  full  range  of  100  seem,  outputting  10-90 
seem  of  N2  will  be  accurate.  If  10  -  90  seem  of  N2  is  the  only  gas  flow  in  the  furnace,  the 
pressure  of  the  tube  can  be  controlled  between  100  to  900  mTorr.  The  pressure  of  the 
tube  acts  as  an  external  load  to  the  injector  and  therefore  affects  the  injector  pressure 
gauge  reading.  The  operating  temperature  of  the  furnace  is  in  the  range  of  300  -  450  °C. 
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Since  the  gas  flow  in  the  injector  is  heated  up  inside  the  furnace,  the  temperature  of  the 
tube  influences  the  pressure  of  the  injector. 

Based  on  the  hardware  limits,  low,  medium  and  high  values  are  chosen  for  the  gas 
flow  rate,  the  tube  pressure  and  the  temperature.  For  the  clogging  condition,  a  new 
injector  and  a  clogged  injector  are  used  in  the  experiment  for  comparison.  The  33  x  2  full 
factorial  design  is  summarized  in  Table  2.2.  For  each  clogging  condition,  four 
replications  were  done  at  the  center  point  where  N2Dope  flow  rate  =  45  seem,  tube 


pressure  =  500  mTorr  and  temperature  =  400  °C. 


TABLE  2.2  Full  factorial  design  to  identify  critical  parameter  for  injector  condition  monitoring 


Variables 

Settings 

N2Dope  flow  rate  (seem) 

10 

45 

90 

Tube  pressure  (mTorr) 

100 

500 

900 

Temperature  (°C) 

350 

400 

450 

Injector  condition 

New 

Clogged 

Multivariate  analysis  of  variance  (MANOVA)  [2.5]  in  Table  2.3  shows  that  the 


N2Dope  flow  rate  and  the  clogging  condition  are  the  most  statistically  significant  factors 


with  large  F  ratio  and  small  p-value.  The  interaction  tenn  of  N2Dope  flow  and  the 


clogging  condition  is  also  very  significant.  The  tube  pressure  does  not  matter,  and  the 


temperature  term  has  a  small  contribution. 


TABLE  2.3  Effect  tests  of  parameter  for  injector  pressure  gauge  reading 


source 

DF 

Sum  of 
Squares 

Mean 

Square 

F  Ratio 

Prob.  >  F 

N2Dope  flow  rate  (seem) 

1 

261.83 

261.83 

2552.7 

<0.0001 

Tube  pressure  (mTorr) 

1 

0.2341 

0.2341 

2.2823 

0.1373 

Temperature  (°C) 

1 

0.8639 

0.8638 

8.4220 

0.0055 

Injector  condition 

1 

58.115 

58.115 

566.59 

<0.0001 

N2Dope  (seem)  x  Tube  pressure  (mTorr) 

1 

0.0027 

0.0027 

0.0266 

0.8711 

N2Dope  (seem)  x  Temperature  (°C) 

1 

0.1432 

0.1431 

1.3956 

0.2432 

Tube  pressure  (mTorr)  x  Temperature  (°C) 

1 

0.0043 

0.0043 

0.0416 

0.8392 

N2Dope  (seem)  x  Injector  condition 

1 

7.5486 

7.5486 

73.594 

<0.0001 

Tube  pressure  (mTorr)  x  Injector  condition 

1 

0.00004 

0.00004 

0.0004 

0.9835 

Temperature  (°C)  x  Injector  condition 

1 

0.0659 

0.0659 

0.6423 

0.4268 
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Parameter  estimations  in  Table  2.4  show  that  the  pressure  gauge  output  increases 


with  the  N2Dope  flow  rate  and  the  clogging  condition.  The  parameter  of  the  interaction 


tenn  of  the  N2Dope  flow  rate  and  the  clogging  condition  are  also  positive.  Therefore,  for 


the  same  clogging  condition,  high  N2Dope  flow  rate  gives  better  sensitivity  of  the 


pressure  gauge  reading. 


TABLE  2.4  Parameter  estimates  for  injector  pressure  gauge  reading 


Term 

Estimate 

Std.  Error 

t  Ratio 

Prob.  >  |t| 

Intercept 

0.7442 

0.4389 

1.70 

0.0963 

N2Dope  flow  rate  (seem) 

0.0672 

0.0013 

50.5 

<0.0001 

Tube  pressure  (mTorr) 

0.0002 

0.0001 

1.51 

0.1373 

Temperature  (°C) 

0.0031 

0.0011 

2.90 

0.0055 

Injector  condition 

0.9842 

0.0413 

23.8 

<0.0001 

(N2Dope  (seem)  -  45)  x  (Tube  pressure  (mTorr)  -  500) 

-6.649e-7 

0.0000 

-0.16 

0.8711 

(N2Dope  (seem)  -  45)  x  (Temperature  (°C)  -  400) 

0.0000 

0.0000 

1.18 

0.2432 

(Tube  pressure  (mTorr)  -  500)  x  (Temperature  (°C)  -  400) 

-6.667e-7 

0.0000 

-0.20 

0.8392 

(N2Dope  (seem)  -  45)  x  Injector  condition 

0.0114 

0.0013 

8.58 

<0.0001 

(Tube  pressure  (mTorr)  -  500)  x  Injector  condition 

-0.0000 

0.0001 

-0.02 

0.9835 

(Temperature  (°C)  -  400)  x  Injector  condition 

-0.0009 

0.0011 

-0.80 

0.4268 

Knowing  the  parameter  dependence  of  the  pressure  gauge  reading,  the  regular 
monitoring  of  the  injector  condition  can  be  simplified.  A  standby  step  is  chosen  for  run- 
to-run  monitoring.  In  this  particular  step: 

•  N2Dope  flow  rate  =  90  seem 

•  Tube  pressure  -110  mTorr 

•  Temperature  =  350  -  450°C 

This  is  the  standby  condition  the  furnace  should  be  in  before  the  user  loads  the  deposition 
recipe.  All  users  are  required  to  record  injector  condition  data  for  every  run.  The 
nitrogen  flow  rate  in  this  step  is  controlled  by  a  mass  flow  controller,  which  is  relatively 
reliable.  The  tube  pressure  has  a  small  fluctuation  due  to  variations  in  pumping 
efficiency.  However,  the  tube  pressure  is  the  least  significant  factor  for  the  injector 
pressure  reading.  Although  the  temperature  set  point  is  350°C  for  this  step,  actual 
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temperature  can  vary  from  350°C  to  450°C  because  a  450°C  coating  is  the  prior  step  and 
it  takes  sometime  for  the  tube  to  cool  down.  To  make  the  regular  monitoring  user 
friendly,  waiting  for  the  temperature  to  stabilize  to  350°C  is  not  required.  To  choose  the 
threshold  for  injector  change,  a  new  injector  and  a  clogged  injector  are  compared  at 
various  temperatures  with  90  seem  of  N2  flow  and  1 10  mTorr  of  tube  pressure. 

Comparing  a  new  and  a  clogged  injector  in  Figure  2.5  for  the  simplified 
monitoring  condition,  the  control  limit  for  an  injector  change  is  chosen  as  9  Torr.  This 
control  limit  is  rather  conservative  and  adds  to  the  workload  of  the  maintenance  staff,  but 
it  is  desirable  for  process  stability. 
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Figure  2.5:  Pressure  reading  for  a  new  injector  and  a  clogged  injector 

Historical  data  of  injector  pressure  since  the  injector  monitoring  was  set  up  are 
shown  in  Figure  2.6.  Before  February  2004,  B2H6  was  the  only  boron  dopant  gas 
available.  The  data  have  a  periodical  pattern:  injector  pressure  rises  with  B2H6  doped 
process  usage  and  drops  after  the  injector  change.  On  average,  injector  change  was  done 
after  ~  20  hours  of  deposition.  In  some  cases,  when  the  deposition  is  not  critical  and  some 
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►  new  injector 
i  clogged  injector 
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users  could  not  wait  for  the  injector  change,  they  used  the  injector  above  the  control  limit. 
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Figure  2.6  Historical  data  for  injector  pressure 


Single-use  quartz  injector  is  not  conducive  for  frequent  changes  due  to  the  high 
risk  of  cracking.  Stainless  steel  injectors  have  been  used  for  a  few  years.  Since  a  stainless 
steel  injector  is  more  expensive  than  a  quartz  injector,  stainless  steel  injectors  have  been 
cleaned  and  reused  over  and  over.  The  clogged  injector  can  be  drilled  out  in  the  machine 
shop  and  re-installed  in  the  furnace.  This  cleaning  method  is  not  very  satisfactory,  as 
there  is  always  some  residue  left  after  the  drilling.  It  can  be  seen  that  the  initial  pressure 
of  a  “freshly  clean”  injector  rises  over  time. 

Pulling  out  the  injector  so  frequently  is  a  maintenance  issue  and  process 
repeatability  is  still  not  guaranteed,  due  to  the  small  drift  of  the  injector  condition  over 
time.  Also,  contamination  is  always  a  concern  for  injectors  coming  back  from  the 
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machine  shop. 

BCI3  doping  was  investigated  since  February  2004  [2.6].  Details  of  the  BCI3 
doping  process  development  will  be  presented  in  Chapter  3.  The  same  technique  has  been 
used  to  monitor  the  injector  pressure  over  time.  Since  BCI3  is  more  thermally  stable 
compared  to  B2H6  and  it  does  not  form  a  solid  polymer  inside  the  injector,  injector 
clogging  does  not  seem  to  be  an  issue  (see  Fig.  2.6).  The  B2H6  bottle  was  removed 
permanently  from  the  reactor  in  March  2005  and  a  quartz  injector  was  installed  for  the 
BCI3  line.  The  injector  pressure  has  been  very  stable  and  the  injector  lifetime  is  the  same 
as  other  quartz-ware  in  the  furnace. 

2.7.4  MFC  monitor 

The  SiGe  film  is  deposited  using  SiFI4  and  GeFI4.  The  deposition  rate  and  the  thin- 
film’s  mechanical  properties  depend  strongly  on  the  germanium  content,  which  in  turn 
depend  on  the  outputs  of  the  SiH4  and  GeH4  mass  flow  controllers.  The  output  gas  flow 
rate  could  drift  throughout  the  lifetime  of  the  MFC.  The  most  important  attribute  of  an 
MFC  for  achieving  run-to-run  repeatability  is  not  the  accuracy,  but  the  consistency.  It  is 
necessary  to  monitor  the  performance  of  the  MFCs  for  process  control. 

If  the  MFC  is  taken  out  of  the  reactor,  its  output  can  be  tested  with  nitrogen 
instead  of  the  actual  gas  the  MFC  is  calibrated  to,  such  as  SiH4  or  GeH4.  With  the 
electronic  set  point  entered  and  the  input  line  hooked  up  to  the  nitrogen  bottle,  the 
nitrogen  output  will  be  regulated  by  the  MFC,  which  can  then  be  quantified  with  a  trusted 
mass  flow  meter  (MFM)  calibrated  to  nitrogen.  As  discussed  before,  the  mass  flow 
measurement  depends  on  the  specific  heat  of  the  gas.  Since  nitrogen  has  a  different 
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specific  heat  than  the  gas  that  the  MFC  is  calibrated  to,  a  correction  factor  (CF)  should  be 
used  to  convert  the  actual  nitrogen  output  from  the  MFC  being  tested: 


N2  flow  through  a  MFC  calibrated  to  gas  A  - 


set  point 
CF 


(2.1) 


Correction  factor  for  the  gases  used  in  the  SiGe  reactor  are  listed  in  Table  2.5  below. 


TABLE  2.5  N2  equivalent  correction  factor  (data  from  Unit  Instruments  application  note) 


Gas 

Correction  factor  (CF) 

SiH4 

0.603 

Si2H(, 

0.321 

GcH4 

0.591 

1%  BCL  in  He  «  pure  He 

1.399 

N, 

1 

Measuring  the  MFC  with  the  external  MFM  is  not  a  convenient  way  to  monitor 
the  performance  of  the  MFC  regularly.  Pulling  out  the  MFC  from  the  gas  line  involves 
running  a  few  pump/purge  cycles  and  switching  some  valves  in  order  to  prevent 
contamination  and  to  ensure  safety.  To  track  the  MFC  performance  easier,  an  in-situ 
mass  flow  verification  system  is  implemented  with  a  mass  flow  meter  installed  at  the 
downstream  of  all  the  MFCs  in  the  reactor,  as  shown  in  Figure  2.1.  The  black  dashed  line 
shows  the  connection  of  the  MFM  loop.  The  MFM  is  bypassed  during  regular  deposition 
to  minimize  its  usage  and  it  is  activated  only  for  the  MFC  monitoring  purpose  by  some 
valve  switching.  All  of  the  dopant  gases  are  re-routed  so  that  they  can  go  through  the 
MFM  and  enter  the  tube  via  the  gas  ring.  Individual  gas  coming  out  from  the  MFC  can 
flow  through  the  MFM  for  calibration.  The  mass  flow  meter  is  calibrated  to  primary 
standard  with  N2.  In  this  case,  the  correction  factor  is  used  again  to  covert  the  actual  gas 
flow: 
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gas  X  flow  through  a  MFM  calibrated  to  N2  =  MFM  output  xCF  (2.2) 

For  the  monitoring  recipe,  all  gases  are  directed  to  flow  through  the  MFM 
individually.  Three  set  points  are  chosen  for  each  gas  to  check  linearity.  The  range  of  the 
MFM  is  chosen  to  be  500  seem  of  N2,  which  accommodates  most  of  the  ranges  of  SiFE, 
Si2H6,  GeFE  and  N2Dope  and  N2BKFL  as  listed  in  Table  2.1.  The  BCE/He  MFC  range  is 
too  small  for  the  MFM  to  resolve.  To  get  around  this  problem,  90  seem  of  N2Dope  is 
flowing  together  with  the  BCF/Hc  mixture  so  that  the  total  gas  flow  rate  falls  into  the 
measurable  range  of  the  MFM.  After  the  gas  flow  rate  quantification,  the  MFM  is  flushed 
and  cleaned  with  nitrogen  flow. 

MFC  monitoring  data  using  the  internal  MFM  loop  since  November  2005  are 
presented  in  Figures  2.7  -  2.11.  Both  the  SiFE  and  GeFE  MFCs  were  pulled  out  of  the 
reactor  and  measured  with  an  external  MFM  in  February  2005.  The  external  MFM  and 
the  internal  MFM  give  similar  reading  for  the  GeFE  output.  During  the  subsequent  9- 
month  period,  the  SiFE  MFC  experienced  a  downward  drift  in  gas  output  for  some 
unknown  reason,  but  the  SiFE  MFC  output  has  stayed  roughly  constant  since  November 
2005.  Since  consistency  is  more  important  than  accuracy,  the  SiFE  MFC  was  not  changed 
out.  It  can  be  seen  that  the  output  of  the  SEFE  MFC  is  slowly  drifting  higher.  The  SEFE 
flow  rate  is  not  very  critical  for  process  control  because  it  is  mainly  used  for  standby 
coating  and  amorphous-Si  seeding  layer.  The  BCE/He  mixture  and  N2  MFCs  are  fairly 
constant.  It  can  be  seen  that  most  of  the  data  do  not  match  the  number  calculated  with 
Equation  2.2.  The  MFCs  or  the  MFM  might  not  be  perfectly  accurate,  but  consistency  is 
more  critical. 
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With  the  regular  monitoring,  it  is  possible  to  achieve  run-to-run  repeatability  with 
drifting  MFCs.  The  gas  flow  rate  in  the  deposition  recipe  could  be  corrected  to 
accommodate  the  change  in  the  MFC  output.  For  a  more  sophisticated  system,  feedback 
could  be  implemented  for  self-correction. 
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Figure  2.7  SiH4  MFC  monitoring  data 
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N2  MFM  Output 
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Figure  2.8  GeH4  MFC  monitoring  data 
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Figure  2.9  Si2H6  MFC  monitoring  data 
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N2  MFM  Output 
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Figure  2.10  BC13  MFC  monitoring  data 
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Figure  2.11  N2Dope  and  N2BKFL  MFCs  monitoring  data 


37 


2.8  Summary 

The  initial  design  of  the  LPCVD  poly-SiGe  reactor  was  very  similar  to  that  of  an 
LPCVD  poly-Si  reactor.  Some  special  modifications  were  implemented  for  the  poly-SiGe 
reactor  because  of  the  usage  of  multiple  precursor  gases  and  different  dopant  sources. 
With  appropriate  maintenance  and  regular  process  monitoring,  the  poly-SiGe  reactor  has 
fairly  good  perfonnance  in  process  uniformity  and  repeatability  for  academic  research 
purposes. 
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Chapter  3:  Investigation  of  Advanced  Process  Gases 


Silane  (SiFE),  germane  (GeFE),  diborane  (B2H6)  and  phosphine  (PH3)  are  the 
conventional  precursor  and  dopant  gases  for  SiGe  deposition  with  LPCVD,  PECVD  and 
UHV-CVD  processes.  LPCVD  poly-SiGe  MEMS  technology  has  unique  challenges  in 
achieving  good  process  control  with  large  batch  sizes  and  limiting  the  thennal  budget  for 
post-CMOS  processing.  In  an  effort  to  improve  the  process  control  and  deposition  rate, 
advanced  process  gases  have  been  investigated.  This  chapter  discusses  the  developments 
and  challenges  of  using  boron  trichloride  (BCI3)  as  a  dopant  gas,  disilane  (Si2FE)  as  a 
silicon  precursor  and  gennyl  silanes  ((H3Ge)xSiH4_x)  as  single-source  silicon  and 
germanium  precursors. 

3,1  Boron  trichloride  (BCI3)  as  the  boron  dopant  gas 

For  MEMS  applications,  low  resistivity  is  one  of  the  requirements  for  the  poly- 
SiGe  structural  layer.  Ion  implantation  is  not  an  attractive  option  since  dopant  activation 
with  high  temperature  annealing  increases  the  thermal  budget  for  the  post-CMOS 
process.  Also,  the  mechanical  properties  would  be  hard  to  control  with  the  non-unifonn 
dopant  distribution.  In-situ  doping  does  not  have  these  disadvantages,  but  there  are  other 
process  challenges.  B2FE  and  PH3  are  the  conventional  boron  and  phosphorous  sources 
for  in-situ  doping.  As  mentioned  in  Section  2.2,  dopant  gas  B2H6  clogs  up  the  injector 
and  makes  the  process  difficult  to  control;  PH3  doping  retards  the  deposition  rate  and 
requires  post-deposition  annealing  to  improve  dopant  activation.  Recently,  a  high- 
throughput  LPCVD  process  was  developed  using  BCI3  as  the  dopant  source  for  epitaxial 
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SiGe  growth  [3.1,  3.2].  Also,  BCI3  is  being  studied  for  in-situ  doping  of  poly-Si  [3.3]. 
These  results  initiated  the  development  of  the  BCI3  doping  process  for  poly-SiGe  [3.4], 


3.1.1  BCI3  mixture  concentration 

To  investigate  the  feasibility  of  using  BCI3  for  the  poly-SiGe  process,  the  BCI3 
doped  epi-SiGe  process  was  studied  [3.1,  3.2].  The  epi-SiGe  system  is  a  vertical  LPCVD 
furnace,  capable  of  processing  fifty  200  mm-diameter  wafers.  A  summary  of  the  epitaxial 
process  conditions  and  data  are  listed  in  Table  3.1  below.  Pure  gas  partial  pressure  is 
shown  instead  of  flow  rate  to  normalize  the  difference  in  system  size  and  pumping. 
Hydrogen  is  used  as  the  carrier  gas  in  the  epi-SiGe  system. 


TABLE  3.1  Summary  of  the  BCI3  doped  epi-SiGe  process  [3.1,  3.2] 


Temp. 

(°C) 

Pressure 

(mTorr) 

SiH4 

(mTorr) 

GeH4 

(mTorr) 

BC13 

(mTorr) 

Doping 

(cm3) 

Resistivity 

(mJl-cm) 

Ge 

content 

Dep.  Rate 
(nm/min) 

500 

228 

45.6 

0.912 

0 

NA 

NA 

10% 

0.5 

500 

228 

45.6 

2.28 

0 

NA 

NA 

20% 

1.5 

500 

228 

45.6 

4.1 

0 

NA 

NA 

30% 

3 

470 

228 

39.5 

2.7 

1.5  x  10'4 

4  x  1018 

NA 

26.7% 

NA 

470 

228 

39.5 

2.7 

1.7  x  10'3 

8  x  1019 

1 

26.7% 

0.6 

470 

228 

39.5 

2.7 

4.6  x  10'3 

1  x  IQ20 

NA 

26.7% 

NA 

Although  there  are  significant  differences  between  the  reactors  and  the  processes, 
the  target  doping  concentration  for  the  poly-SiGe  film  is  in  the  same  order  of  magnitude 
as  that  of  the  epi-SiGe  film.  To  install  a  BCfi  bottle  to  the  poly-SiGe  reactor,  the  gas 
concentration  and  the  MFC  range  need  to  be  specified.  To  roughly  match  the  doping 
level  of  8  x  10  cm"  ,  the  gas  flow  rate  of  pure  BCfi  can  be  calculated  as: 
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BCl3  flow  rate  in  the  poly  reactor 
BCI}  pressure  in  the  epi  reactor 
SiH 4  pressure  in  the  epi  reactor 
1.7  x  10 ~3  mTorr 

- x 1 00  seem 


x  SiH 4  flow  rate  in  the  poly  reactor 


39.5  mTorr 
=  0.0043  seem 


(3.1) 


The  volume  of  epi-SiGe  reactor  is  about  6X  greater  than  the  volume  of  the  poly-SiGe 
reactor.  Also,  1000  seem  of  pure  SfiH  and  42  seem  of  0.1%  BCI3  are  used  for  the 
epitaxial  deposition.  Assuming  100  seem  of  SifU  flow  in  the  poly-SiGe  reactor,  the 
calculation  in  Equation  3.1  is  in  good  agreement  with  the  epi-SiGe  reactor’s  BCI3  flow 
rate.  The  pure  BCI3  flow  rate  of  0.0043  seem  is  very  difficult  to  control  with  a  mass  flow 
controller.  If  the  dopant  gas  is  diluted,  a  larger  flow  rate  can  be  used.  In  this  case,  flowing 
4.3  seem  of  0.1%  BCI3  would  be  reasonable  to  control  with  a  10  seem  range  MFC. 

As  a  comparison,  5%  of  BCI3  diluted  in  He  is  used  in  the  epi-SiGe  reactor.  The 
gas  is  further  diluted  down  to  0.1%  in  H2  in  the  system  before  getting  into  the  deposition 
chamber.  Since  the  poly-SiGe  reactor  does  not  have  the  capability  to  dilute  the  dopant 
gas  in  the  system,  using  a  0.1%  concentration  gas  bottle  would  be  more  convenient. 
However,  this  simplified  approach  limits  the  flexibility  of  adjusting  the  dopant 
concentration  if  the  doping  level  does  not  come  out  as  expected.  To  keep  the  cost  of 
installation  low,  0.1%  BCI3  diluted  in  He  was  first  used  as  the  dopant  gas.  Preliminary 
results  of  the  BCI3  doped  process  using  the  0.1%  concentration  bottle  are  summarized  in 
Table  3.2. 
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TABLE  3.2  Summary  of  the  BCI3  doped  poly-SiGe  process  with  0.1%  concentration  bottle 


Temp. 

(°C) 

Pressure 

(mTorr) 

SiH4 

(mTorr) 

GeH4 

(mTorr) 

BC13 

(mTorr) 

Doping 

(cm3) 

Resistivity 

(mJi-cm) 

Ge 

content 

Dep.  Rate 
(nm/min) 

425 

400 

247 

148 

5.0  x  10'3 

1.4  x  101' 

790 

70% 

8.6 

425 

400 

236 

141 

2.3  x  10'2 

5.6  x  1017 

264 

70% 

8.9 

425 

400 

227 

136 

4.1  x  10'2 

5.4  x  1018 

93.6 

70% 

OO 

bo 

425 

400 

225 

136 

4.1  x  10'2 

5.2  x  1018 

100 

70% 

8.9 

425 

400 

165 

99 

1.4  x  10'1 

2.2  x  1019 

32 

70% 

3.1 

The  resistivity  of  the  poly-SiGe  films  deposited  using  the  0.1%  concentration 
BCfi  bottle  is  much  higher  than  desired.  The  last  run  listed  in  Table  3.2  has  a  dopant 
concentration  closer  to  the  desired  range,  but  the  deposition  rate  is  significantly  lower 
than  in  other  runs.  In  this  case,  the  SiTfi  and  GeEfi  flow  rates  are  scaled  down  by  5X  so 
that  the  BCfi  partial  pressure  is  increased.  Comparing  results  in  Table  3.1  and  Table  3.2, 
the  offset  in  boron  incorporation  between  the  epi-SiGe  and  poly-SiGe  films  is  about  two 
orders  of  magnitude.  These  results  show  that  neglecting  the  mismatches  between  the  epi- 
SiGe  and  the  poly-SiGe  processes  in  Equation  3.1  is  not  a  valid  assumption.  The 
difference  in  dopant  incorporation  of  the  two  systems  comes  from  several  sources:  the 
deposition  temperature  of  the  poly-SiGe  film  is  much  lower;  the  oxygen  contamination 
level  of  the  poly-SiGe  system  is  an  order  of  magnitude  higher;  the  poly-SiGe  film  is 
deposited  on  an  oxide  surface,  whereas  the  epi-SiGe  film  is  deposited  on  an  ultra-clean  Si 
surface;  the  germanium  content  of  the  poly-SiGe  film  is  much  higher,  and  the  deposition 
rate  of  the  poly-SiGe  film  is  more  than  10x  faster  than  that  of  the  epi-SiGe. 

Since  the  BCfi  doped  epi-SiGe  process  was  developed  for  the  same  reason  that 
dopant  gas  B2H6  does  not  yield  satisfactory  process  stability,  a  comparison  of  the  results 
for  both  dopant  gases  in  the  epi-SiGe  process  and  then  scaling  with  the  B2H6-doped  poly- 
SiGe  process  can  lead  to  a  more  accurate  calculation  of  the  appropriate  BCfi  bottle 
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concentration  for  the  poly-SiGe  process.  Table  3.3  and  Table  3.4  show  the  results  of  the 
BoH6  doped  epi-SiGe  and  poly-SiGe  processes,  respectively. 


TABLE  3.3  Summary  of  the  B2H6  doped  epi-SiGe  process  [3.5] 


Temp. 

Pressure 

SiH4 

GeH4 

B2H6 

Doping 

Resistivity 

Ge 

Dep.  Rate 

(°C) 

(mTorr) 

(mTorr) 

(mTorr) 

(mTorr) 

(cm) 

(m!!-cm) 

content 

(nm/min) 

550 

228 

45.6 

1.52 

3.8  x  10'2 

8.0  x  1019 

2 

22% 

7 

550 

228 

45.6 

15.2 

2.0  x  10'3 

1.5  x  IQ19 

7 

60% 

60 

TABLE  3.4  Summary  of  the  BitT  doped  poly-SiGe  process 

Temp. 

(°C) 

Pressure 

(mTorr) 

SiH4 

(mTorr) 

GeH4 

(mTorr) 

b2h6 

(mTorr) 

Doping 

(cra) 

Resistivity 

(mJt-cm) 

Ge 

content 

Dep.  Rate 
(nm/min) 

450 

600 

275 

160 

16.4 

1.2  x  1019 

37 

65% 

15 

Comparing  the  results  of  the  B2H6  doped  epi-SiGe  and  poly-SiGe  processes,  there 
is  also  an  offset  in  dopant  incorporation  for  the  two  processes.  To  recalculate  the 
appropriate  BCI3  bottle  concentration  for  the  poly-SiGe  process,  one  approach  is  to  take 
the  ratio  of  the  BCI3  and  B2H6  doped  processes  with  the  same  boron  concentration: 

BCl3  pressure  in  the  } 

BCl3  pressure  in 
B2H6  pressure  in 
_  1.7  x  1(T3  mTorr 
3.8  x  1CT2  mTorr 
=  0.73  mTorr  ( asi 
or  0.49  mTorr  (at 


ooly  reactor 
the  epi  reactor 


1  the  epi  reactor 
x  16.4  mTorr 


x  B2H6  pressure  in  the  poly  reactor 


(3.2) 


mine  600  mTorr  process  pressure,  1.2xl019  cm  3  boron  cone.) 
isume  400  mTorr  process  pressure,  1.2  x  1019  cm  ''  boron  cone.) 


Assuming  that  the  process  pressure  is  400  mTorr  and  the  gas  flow  rates  of  SiTE,  GefB 
and  BCI3  are  100  seem,  60  seem  and  10  seem,  respectively;  the  BCI3  concentration  can 
be  calculated  as: 


10  seem  BCL  mixture  x  BCL  concentration  ....  _  .  ..  _ 

- - - - - x  400  mTorr  =  0.49  mTorr 

100  seem  SiH4  +  60  seem  GeH4  +10  scan  BCI3  mixture 

=>  BCI3  concentration  =  2%  ( for  1.2  x  1019  cm  3  boron  concentration) 


(3.3) 


The  calculations  in  Equations  3.2  and  3.3  neglect  the  effects  of  temperature  and 
deposition  rate  on  boron  incorporation  in  the  film. 
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The  other  approach  to  estimate  the  appropriate  BCI3  bottle  concentration  is  to 
extrapolate  information  from  Table  3.2,  where  all  the  data  are  for  the  BCI3  doped  poly- 
SiGe  process.  A  curve  fitting  for  data  in  Table  3.2  yields  the  relationship: 

boron  concentraton  =  5  x  1017e341*^a3  pressure 

=>  0.099  m  Tor  r  BCl3  pressure  yields  1.2xl019  end'  boron  concentraton  (3-4) 

or  0.165  mTorr  BCl3  pressure  yields  1.0x1 02"  an  boron  concentraton 

Again,  assuming  400  mTorr  process  pressure  and  the  gas  flow  rates  of  SiTfi,  GeTfi  and 

BCI3  mixture  are  100  seem,  60  seem  and  10  seem,  respectively,  the  BCI3  concentration 

can  be  calculated  as: 

10  seem  BCL  mixture*  BCh  concentration  _ 

- 5 5 - x  400  mTorr  =  0.099  mTorr 

100  seem  SiH4  +  60  seem  GeH4  + 10  seem  BCl3  mixture 

=>  BCl3  concentration  =  0.42%  ( for  1.2 x  1019  cnT3  boron  concentration)  (3-5) 

or  BC13  concentration  =  0.7%  ( for  1.0  x  102°  cm  3  boron  concentration) 

The  two  approaches  above  both  yield  numbers  larger  than  0.1%  BCI3  concentration  for 

the  desired  doping  level  although  calculation  with  Equations  3.4  and  3.5  is  more  reliable. 

Since  the  target  resistivity  for  poly-SiGe  film  is  less  than  10  mQ-cm,  the  boron  doping 

concentration  should  be  in  the  range  of  1.0  xlO  cm"  .  According  to  Equation  3.5,  a  1% 

concentration  would  be  appropriate.  If  the  boron  doping  level  is  slightly  off  target  with 

the  1%  concentration  BCI3  mixture,  the  gas  flow  rate  can  be  adjusted  to  accommodate. 

Further  experiments  justified  that  the  1%  concentration  is  appropriate  for  LPCVD  poly- 

SiGe  deposition. 

It  should  be  noted  that  pure  BCI3  is  a  liquid  at  room  temperature  with  a  vapor 
pressure  of  988  Torr.  Pumping  the  gas  into  the  reactor  was  once  a  concern.  However, 
when  BCI3  is  diluted  with  a  gas  that  liquifies  at  much  higher  pressure,  the  overall 
liquification  pressure  of  the  mixture  is  higher  than  that  of  pure  BCI3.  With  lower  BCI3 
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concentration  in  the  mixture,  liquification  pressure  of  the  overall  mix  is  higher.  The  inert 
gas  helium  is  used  to  dilute  BCI3.  The  mixture  of  0.1%  or  1%  BCI3  balanced  in  He  is  in 
gas  phase  at  the  maximum  pressure  limit  of  the  tank.  The  gas  mixture  was  made  with 
gravimetric  blending  for  which  each  individual  gas  is  weighted  while  pouring  them  into 
cylinder. 

3.1.2  Experimental  details 

The  epi-SiGe  reactor  that  first  demonstrated  the  BCI3  doped  process  is  a  vertical 
LPCVD  system  with  all  the  process  gases  introduced  via  one  gas  inlet  and  an  open  boat 
for  automatic  loading  [3.2].  The  epi-SiGe  reactor  is  capable  of  processing  fifty  200  mm- 
diameter  wafers  and  across-load  uniformity  is  within  ±  5%  for  resistivity  and  ±  2%  for 
film  thickness. 

The  initial  test  of  the  BCI3  doped  poly-SiGe  process  used  a  similar  configuration 
as  the  epi-SiGe  reactor.  SiH4  and  GeH4  were  introduced  at  the  gas  ring  located  at  the 
load  side  of  the  tube.  The  BCfi/He  mixture  was  also  introduced  through  the  gas  ring  for 
these  experiments,  even  though  introducing  BCI3  via  a  multi-pore  injector  located  at  the 
bottom  of  the  wafer  boats  is  another  option.  Twenty-five  4”-diameter  and  twenty-five 
6”-diameter  wafers  placed  in  open  boats  at  the  center  of  the  reactor  were  used  per  load. 
To  investigate  the  feasibility  of  the  process,  the  deposition  rate,  crystallinity,  dopant 
incorporation,  resistivity,  residual  stress,  strain  gradient,  as  well  as  effects  of  thickness 
on  electrical  and  mechanical  properties  were  characterized  [3.4]. 

The  process  conditions  of  various  depositions  are  summarized  in  Table  3.5.  Poly- 
SiGe  films  were  deposited  onto  Si  wafers  coated  with  ~2  pm  thick  low-temperature 
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(450°C)  LPCVD  S1O2.  A  ~5  nm  thick  undoped  amorphous  Si  (a-Si)  seeding  layer  was 
deposited  first  using  100  seem  of  Sf>H6  to  promote  adhesion  of  SiGe  to  SiCfi.  The  a-Si 
layer  was  deposited  at  300  mTorr  for  15  minutes  at  various  temperatures.  For  the  poly- 
SiGe  deposition,  the  process  pressure  was  held  constant  at  400  mTorr.  Temperature,  BCI3 
partial  pressure,  and  deposition  time  were  varied.  The  S1H4  to  GeFk  gas  flow  ratio  was 
held  constant  in  order  to  target  a  70%  Ge  content.  The  flow  rates  of  the  two  gases 
however  were  reduced  in  some  cases  to  increase  the  partial  pressure  of  BCI3.  The  high 
Ge  content  was  chosen  to  ensure  crystallinity  for  consistent  resistivity  measurement  with 
boron  doping.  It  should  be  noted  that  the  selectivity  of  pure  Ge  to  SfioGeyo  for  H2O2 
etching  is  degraded  to  10:1  [3.6].  High  peroxide  etching  selectivity  is  desired  for 
integrated  MEMS  applications  because  the  use  of  pure  Ge  as  the  confonnal  sacrificial 
layer  eliminates  the  need  to  passivate  the  underlying  CMOS. 

Experimental  data  was  collected  with  five  4”-diameter  wafers  that  were  placed  in 
slots  3,  8,  13,  18,  and  23  of  the  wafer  boats,  counting  from  the  gas  inlet  side.  A  four-point 
probe  instrument  was  used  to  measure  the  sheet  resistance.  The  films  were  patterned  and 
etched  for  the  thickness  measurement  using  a  stylus-based  profiler.  Wafer  curvature  was 
measured  before  and  after  SiGe  deposition  (backside  SiGe  film  removed)  to  detennine 
the  average  residual  stress  of  the  film.  A  cantilever  beam  array  was  patterned  and 
released  for  strain  gradient  measurement.  The  strain  gradient  was  calculated  as  the 
reciprocal  of  the  radius  of  curvature  of  the  cantilevers  with  various  lengths.  Resistivity, 
thickness,  and  strain  gradient  were  measured  at  various  points  on  each  wafer,  and  average 
numbers  are  reported  here.  Ge  content,  B  and  Cl  concentrations  were  detennined  by 
secondary  ion  mass  spectroscopy  (SIMS)  with  wafers  at  the  gas  inlet  side  of  the  load.  The 
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crystallinity  of  selected  films  was  determined  by  transmission  electron  microscopy. 

3.1.3  Results  and  discussion 

Overall  results  of  average  deposition  rate,  resistivity,  residual  stress,  Ge  content, 
and  B  doping  level,  along  with  uniformity  of  the  BCI3  and  Both  doped  poly-SiGe 
processes  are  summarized  in  Table  3.5.  Both  B2H6  and  BCI3  doped  SiGe  films  have 
similar  Cl  concentration,  all  below  2^10  cm'  ,  which  indicates  Cl  incorporation  is  not  a 
problem  for  the  BCI3  doping  process. 
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Table  3.5  Results  summary  for  BC13  doped  poly-SiGe  process  verification 
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was  introduced  from  the  pump  side  through  a  multi-pore  injector.  Caged  boats  were  used.  Thirty  4”-diameter  and  fifteen  6”-diameter  wafers  were  used  per  load. 


3.1.3. 1  Deposition  rate 

Comparison  of  Runs  T5,  Tl,  T6,  T19,  T20,  and  T21  with  BCI3  partial  pressure  as 
the  only  difference,  the  deposition  rate  does  not  depend  strongly  on  the  BCI3  flow  rate  for 
the  doping  range  studied  here.  Also,  depositions  with  identical  parameters  but  various 
deposition  times  (Runs  Til,  T14,  and  T12)  show  the  same  deposition  rate,  which 
suggests  that  there  is  no  incubation  period  at  the  beginning  of  the  deposition. 

An  Arrhenius  plot  of  deposition  rate  is  shown  in  Figure  3.1  for  100  seem  SiFB,  60 
seem  GeFB  depositions  at  400  mTorr  for  both  BCI3  and  BoFb  processes.  The  deposition 
temperatures  of  these  runs  are  rather  low  and  the  processes  are  believed  to  be  operating  in 
the  surface  reaction-limited  regime.  The  activation  energies  of  the  BCI3  and  the  B2H6 
doped  processes  are  extracted  to  be  0.94  eV  and  0.42  eV,  respectively.  They  are  of  the 
same  order  of  magnitude  as  the  undoped  poly-SiGe  process  reported  before  [3.7].  For  the 
425°C  and  450°C  depositions,  the  deposition  rates  are  similar  for  both  dopant  gases. 
BoFb  process  has  a  much  higher  deposition  rate  at  400  °C.  The  resistivity  of  the  400  °C 
B2H6  recipe  is  very  low,  and  boron  incorporation  for  this  film  is  estimated  to  be  on  the 
order  of  lx  10“  cm'  .  B2Fl6  is  known  to  enhance  deposition  for  poly-Si,  but  the 
temperature  effect  and  the  doping  effect  cannot  be  distinguished  in  Figure  3.1. 
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Temperature  (°C) 


Figure  3.1  Arrhenius  plot  of  deposition  rate 


3. 1.3.2  Crystallinity 

Cross-sectional  TEM  images  for  films  of  different  thicknesses  are  shown  in 
Figure  3.2.  These  two  films  have  exactly  the  same  recipe  except  the  deposition  times  are 
1  hour  and  3  hours  for  the  thin  film  and  the  thick  film,  respectively.  Both  films  have 
vertically-oriented  grain  structure  with  finer  grains  at  the  bottom.  The  two  TEM  images 
are  shown  on  the  same  scale.  As  the  film  gets  thicker,  the  grains  grow  significantly 
larger. 
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Figure  3.2  Cross-sectional  TEM  images:  a)  Run  T6  -  0.5  um  film;  b)  Run  T12  -  1.5  um 
film 

3. 1.3.3  Dopant  incorporation 

Figure  3.3  plots  boron  concentration  vs.  partial  pressure  for  all  425°C  poly-SiGe 
depositions.  As  a  comparison,  data  for  epi-SiGe  deposited  at  470°C  [C.l,  C.2]  is  also 
shown.  As  discussed  previously,  the  difference  in  dopant  incorporation  of  the  two 
systems  comes  from  several  sources:  the  deposition  temperature,  the  oxygen 
contamination  level,  the  deposition  substrate,  the  gennanium  content  and  the  deposition 
rate.  All  of  the  above  differences  result  in  more  than  two  orders  of  magnitude  offset  in 
boron  incorporation  between  the  films. 

A  data  point  from  the  B2H6  process  is  also  shown  in  Figure  3.3.  A  high  EfiFE 
partial  pressure  is  required  to  achieve  similar  doping  levels  in  the  film  while  other 
deposition  conditions  are  identical.  The  consumption  of  ECFh  is  mainly  due  to  the 
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decomposition  inside  injector  rather  than  the  disassociation  on  the  wafer  surface. 
Comparing  the  three  B2H6  depositions  (R3,  R1  and  R2)  at  various  temperatures  provides 
further  evidence  of  the  temperature  instability  of  B2H6.  Resistivity  is  found  to  be  an  order 
of  magnitude  higher  for  an  increment  in  temperature  of  25°C  with  the  same  B2H6  flow 
rate. 
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Figure  3.3  Boron  concentration  vs.  dopant  gas  partial  pressure 


Resistivity  vs.  boron  concentration  for  the  BCI3  doped  process  is  plotted  in  Figure 
3.4  for  -70%  gennanium  content  films  deposited  at  425°C  with  similar  thicknesses.  As 
expected,  resistivity  decreases  linearly  with  boron  doping.  The  resistivity  of  poly-SiGe  is 
more  than  10x  higher  than  that  of  single  crystalline  films  due  to  carrier  trapping  at  the 
grain  boundaries. 


53 


1000 

'e 

V  100 

G 

E, 

>• 

|  10 

</> 

a) 

D£ 

1 

1017  io18  1019  io20 

Boron  Concentration  (cm'3) 

Figure  3.4  Resistivity  v.s\  boron  concentration 

A  comparison  of  BCI3  runs  (Tl,  T2,  and  T3)  with  same  deposition  conditions 
except  for  temperatures  shows  that  higher  temperature  gives  lower  doping  level  and 
higher  resistivity.  This  phenomenon  could  be  explained  by  less  efficient  boron 
incorporation  as  the  deposition  rate  goes  up  with  temperature. 

Resistivity  vs.  film  thickness  is  plotted  in  Figure  3.5(a)  for  runs  having  the  same 
deposition  conditions  but  different  deposition  times.  Wafer  positions  are  also  labeled  on 
the  graph.  For  wafers  from  the  same  run,  higher  resistivity  and  lower  deposition  rate  are 
observed  at  the  gas  outlet  due  to  the  gas  depletion  effect.  Comparing  wafers  at  the  same 
position  from  different  runs,  thicker  films  are  found  to  have  lower  resistivity.  This  might 
be  a  result  of  furnace  annealing  and/or  crystal  growth  during  deposition.  A  two-hour 
425°C  anneal  in  N2  ambient  was  done  for  several  1-hour  deposition  films  to  discriminate 
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the  two  effects.  There  is  no  change  in  resistivity  after  the  annealing  stage.  As  shown  in 
Figure  3.2  earlier,  thicker  films  have  larger  grains,  which  is  consistent  with  this  lower 
resistivity  observation  since  carrier  trapping  is  more  significant  with  higher  grain 
boundary  density  [3.9]. 
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Figure  3.5  a)  Resistivity  and  b)  Stress  vs.  Film  thickness 


3. 1.3.4  Stress 

Figure  3.5(b)  shows  the  average  residual  stress  vs.  film  thickness.  Thicker  films 
have  less  compressive  stress.  Furnace  annealing  at  425  °C  for  2  hours  does  not  cause 
significant  change  in  residual  stress.  This  reduction  in  residual  stress  magnitude  with 
thickness  allows  the  growth  of  thick  films  without  peeling  off.  However,  the  origins  of 
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the  residual  stress  and  the  reasons  for  its  decrease  with  film  thickness  are  not  completely 
understood. 

Comparing  films  with  similar  thickness  and  boron  doping  as  the  only  process 
variable,  we  can  see  that  the  average  residual  stress  is  more  compressive  as  boron  doping 
increases,  as  shown  in  Figure  3.6.  This  possibly  indicates  the  boron  atoms  are  not 
residing  in  substitutional  lattice  sites,  but  interstitial  lattice  sites  or  grain  boundaries.  A 
data  point  from  the  B2H6  process  shows  that  the  average  stress  for  Bifk  doped  film  is  less 
compressive  for  the  same  level  of  doping.  Further  investigation  on  crystallinity  might  be 
able  to  explain  this  phenomenon.  However,  0.6  pm  films  are  too  thin  for  most  MEMS 
applications,  and  the  1.7  pm  thick  BCfi  doped  film  with  6.0x10  cm"  doping  yields 
reasonably  low  residual  stress  of  -21  MPa. 
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3. 1.3.5  Strain  gradient 

Cantilever  beam  arrays  from  the  thicker  films  were  released  for  strain  gradient 
measurement.  Films  with  thickness  less  than  1  pm  are  too  thin  for  reliable  strain  gradient 
measurements.  As  shown  in  Figure  3.7,  the  error  increases  as  the  film  gets  thinner  and 
strain  gradient  is  smaller  for  thicker  film. 
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Figure  3.7  Strain  gradient  vs.  thickness 


3. 1.3.6  Process  uniformity 

Process  uniformity  summarized  in  Table  3.5  is  defined  as  the  normalized  standard 
deviation  across  the  wafer  and  across  the  load.  A  few  B2H6  doped  depositions  done  in 
the  same  LPCVD  reactor  are  listed  at  the  bottom  of  Table  3.5  for  comparison.  The  dopant 
gas  B2H6  is  introduced  from  the  pump  side  via  a  multi -pore  injector  located  underneath 
the  wafer  boats  to  minimize  the  depletion  effect.  Caged  boats  were  used  in  the  B2H6 
doped  process.  As  a  comparison,  the  BCfi  process  provides  similar  uniformity  within  a 
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wafer  and  better  cross  load  unifonnity  in  most  cases  with  open  boats  and  without  using  a 
gas  injector. 

The  wafer  flat  region  has  lower  resistivity  for  the  BCI3  process,  which  is  due  to 
the  fact  that  the  100  mm-diameter  wafers  are  placed  below  the  center  axis  in  the  230  mm- 
diameter  reactor  and  there  is  more  open  space  for  gas  flow  on  the  top  of  the  wafer  flat.  As 
a  comparison,  150  mm-diameter  wafers,  which  are  nearly  centered  in  the  reactor,  have 
better  cross-wafer  uniformity  in  resistivity. 

Deposition  rate  and  resistivity  of  selected  425°C  runs  are  plotted  vs.  wafer 
position  in  Figure  3.8  to  demonstrate  the  cross  load  uniformity  of  the  BCI3  process. 
Wafers  at  the  gas  inlet  side  have  higher  deposition  rate  and  lower  resistivity,  which 
suggests  a  gas  depletion  effect.  Increasing  the  gas  flow  rate  together  with  using  an 
injector  to  introduce  BCI3  could  result  in  better  cross-load  uniformity.  A  425  °C  B2H6 
deposition  is  also  shown  in  Figure  3.8  as  a  reference.  Cross-load  variation  in  deposition 
rate  and  resistivity  is  similar  to  the  BCI3  process,  despite  the  fact  that  B2H6  is  introduced 
via  a  multi-pore  injector.  Cross-load  resistivity  of  the  B2Fi6  shows  the  opposite  trend 
compared  to  the  BCI3  process,  because  B2H6  was  introduced  from  the  pump  side. 
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Wafer  Position 


Figure  3.8  Deposition  rate  and  resistivity  across  load 


Runs  T6  and  Til,  as  well  as  Runs  T20  and  T23  have  exactly  the  same  deposition 
parameters,  but  they  were  separated  by  a  few  other  depositions.  The  results  show  that  the 
BCI3  process  is  reproducible.  Moreover,  results  of  other  similar  depositions  are 
reasonably  consistent,  which  indicates  that  the  process  is  operating  in  a  relatively  stable 
manner.  In  comparison,  the  decomposition  of  EBTb  causes  periodic  clogging  of  the 
injector,  which  results  in  large  run- to-run  variation  unless  the  injector  is  changed 
approximately  every  20  hours  of  deposition.  Decomposition  of  BCI3  is  rather  slow 
compared  to  B2H6,  and  injector  clogging  is  not  anticipated  to  be  a  problem.  On  the  other 
hand,  introducing  B2H6  through  the  gas  ring  to  avoid  injector  clogging  is  not  an  option 
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since  large  across  load  variation  in  film  thickness  and  resistivity  [3.11]  resulted  from  its 
tendency  to  decompose  at  low  temperature. 

3. 1.3.7  Furnace  configuration  optimization 

All  of  the  above  experiments  had  the  BCfi  mixture  introduced  via  the  gas  ring 
together  with  SiFfi  and  GeFfi  in  order  to  match  the  configuration  of  the  epi-SiGe  system 
and  to  minimize  conflict  with  the  existing  B2H6  process  for  initial  test.  As  discussed  in 
Chapter  2,  the  poly-SiGe  reactor  is  fairly  flexible  to  accommodate  new  processes.  To 
further  improve  the  resistivity  unifonnity,  different  hardware  configurations  have  been 
investigated. 

As  mentioned  before,  the  cross-load  resistivity  uniformity  of  the  BCfi  doped  poly- 
SiGe  process  could  be  further  improved  using  an  injector.  A  few  BCfi-doped  depositions 
were  done  to  study  the  improvement  in  unifonnity  with  the  injector.  Since  B2H6  is  known 
to  clog  up  the  injector,  a  second  injector  was  installed  in  the  furnace  to  isolate  the 
clogging  problem.  The  second  injector  can  be  installed  parallel  to  the  B2H6  injector  from 
the  rear  (pump)  side  or  opposite  to  the  B2H6  injector  from  the  front  (door)  side.  The  two- 
injector  configuration  was  setup  temporarily  with  a  few  additional  hand  valves  for 
manually  switching  between  the  lines.  The  rear  injector  configuration  is  identical  to  the 
existing  B2H6  injector.  The  front  injector  is  easier  to  install  and  remove,  but  it  was  later 
found  out  that  the  dopant  gas  leaked  out  near  the  door,  making  the  front  injector 
configuration  very  similar  to  the  gas  ring  configuration.  Sheet  resistance  data  across  the 
load  of  50  wafers  are  shown  in  Figure  3.9.  With  the  rear  injector,  the  cross-load 
uniformity  is  improved  by  an  order  of  magnitude. 
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- -  Gas  ring 

Rear  injector  - ► 

Wafer  Position 

Figure  3.9  Cross-load  uniformity  of  sheet  resistance  with  gas  ring  and  injector 


When  the  BCf/Hc  mixture  is  introduced  via  the  gas  ring,  it  comes  out  through 
multiple  orifices  along  the  circumference  of  the  ring  so  cross  wafer  uniformity  is  not  a 
problem.  When  the  BCfi/He  mixture  is  injected  from  the  bottom  of  the  furnace  using  the 
injector,  the  cross  load  uniformity  is  improved  whereas  the  cross  wafer  uniformity  is 
sacrificed  due  to  gas  depletion.  The  depletion  effect  is  more  pronounced  when  the  dopant 
gas  flow  rate  is  small.  Figure  3.10  shows  the  variation  in  sheet  resistance  for  both  100 
mm-diameter  and  150  mm-diameter  wafers  with  3.6  seem  of  BCI3  flow  rate.  The  cross 
wafer  uniformity  of  sheet  resistance  is  not  terribly  bad  for  the  100  mm-diameter  wafers  at 
slots  1-25,  but  there  is  about  3X  variation  across  the  150  mm-diameter  wafers  at  slots  26- 
50.  Increasing  the  BCI3  flow  rate  can  minimize  the  depletion  effect  and  improve  the  cross 
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wafer  uniformity.  Figure  3.11  shows  data  for  a  deposition  with  16.5  seem  of  BCI3  flow 
rate  and  cross  wafer  uniformity  in  sheet  resistance  is  significantly  improved. 
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Figure  3.10  Cross  wafer  uniformity  of  sheet  resistance  with  low  BCI3  flow  rate 
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Figure  3.11  Cross  wafer  uniformity  of  sheet  resistance  with  high  BCI3  flow  rate 
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The  experiments  above  show  that  using  the  rear  injector  with  large  dopant  gas 
flow  rate  would  be  the  optimal  configuration  to  yield  the  best  uniformity  in  resistivity.  It 
is  also  confirmed  that  the  injector  does  not  get  clogged  up  with  the  BCfi  doping  process. 
However,  it  is  a  concern  if  both  B2H6  and  BCfi  are  available  in  a  reactor  with  two 
injectors.  During  the  deposition  with  one  dopant  line,  the  injector  for  the  other  dopant 
line  is  at  standby  with  no  gas  flow.  Deposition  on  the  standby  injector  will  build  up 
material  at  the  small  pores  and  eventually  clog  them  up.  Flowing  a  small  amount  of  N2  at 
the  standby  injector  could  prevent  deposition  on  the  pores,  but  this  approach  would 
involve  significant  hardware  modification. 

3.1.4  Comparison  of  the  two  boron  dopant  gases 

To  conclude  the  investigation  of  BCfi  as  a  new  dopant  gas,  a  comparison  with 
B2H6  is  made  in  Table  3.6  for  the  study  of  the  deposition  and  properties  of  LPCVD  poly- 
SfioGe7o.  The  desired  doping  level  for  poly-Sfi0Ge7o  is  achieved  with  1%  BCfi 
concentration.  The  better  unifonnity  and  higher  doping  efficiency  for  the  BCfi  process  is 
clearly  advantageous  over  the  B2H6  process  for  poly-SiGe  films,  but  the  small 
degradation  in  deposition  rate  and  increase  in  residual  stress  are  drawbacks.  Tradeoffs 
between  residual  stress  and  resistivity  are  also  involved  in  optimizing  boron 
concentration  for  the  BCfi  doped  process  studied  here.  Both  residual  stress  and  resistivity 
can  be  improved  by  increasing  the  film  thickness.  Thicker  films  also  have  advantages  in 
strain  gradient  and  grain  crystallinity,  and  thicker  films  are  desired  for  better  electro¬ 
mechanical  performance  in  electrostaticcally  driven  MEMS  applications.  The  initial  BCfi 
doped  process  shows  better  process  unifonnity  and  repeatability  than  the  more  mature 
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B2H6  doped  process.  Based  on  these  results,  the  B2H6  process  was  abandoned.  Further 
development  with  the  BCI3  doped  poly-SiGe  process  with  the  desired  properties  for 
MEMS  applications  will  be  discussed  in  Chapter  4. 


TABLE  3.6  Comparison  of  BC13  and  B2H6  as  dopant  gases  for  poly-SiGe  process 


Comparison 

BC13  doping 

B2H6  doping 

Deposition  rate 

Similar 

Similar 

Crystallinity 

Similar 

similar 

Dopant  incorporation 

+  +  + 

— 

Residual  stress 

- 

- 

Strain  gradient 

Similar 

similar 

Uniformity 

+  + 

repeatability 

+  + 

Safety 

Toxic  and  corrosive 

Toxic  and  flammable 

Shelf  life 

24  months 

6  months 

Cost 

Negligible  compared  to  GeH4 

Negligible  compared  to  GeH4 

3.2  Disilane  (Si2H6)  as  the  silicon  precursor 
3.2.1  Literature  review 

Disilane  (Si2H6)  has  been  used  as  the  silicon  source  for  low  temperature  poly¬ 
silicon  deposition  due  to  its  higher  reactivity  compared  to  silane  (SiH4)  [3.11].  Disilane 
fragments  into  SiFLp  SiH3  and  SiH2  in  the  gas  phase.  SiH3  and  SiH2  decompose  readily  to 
form  silicon  at  lower  temperatures  than  SUT4.  Disilane  has  also  been  previously  used  as 
the  silicon  source  for  poly-SiGe  deposition  [3.10,  3.12],  but  the  higher  cost  of  using 
disilane  was  a  concern. 

Since  lowering  the  thennal  budget  is  an  important  consideration  for  SiGe  post 
foundry-CMOS  integration,  anything  that  helps  to  increase  the  deposition  rate  other  than 
temperature  would  be  worth  considering  for  this  goal.  The  benefit  of  Si2H6  over  SiFLj  is 
re-investigated  to  understand  how  much  improvement  can  be  gained  with  Si2H6  in 
reducing  the  thermal  budget  and  how  this  change  impacts  the  physical  properties  of  the 


film.  The  cost  of  using  disilane  should  not  be  a  significant  factor  if  there  is  a  large 
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improvement  in  the  process.  LPCVD  systems  have  large  batch  sizes  so  the  additional  cost 
is  spread  over  many  wafers  and  might  become  insignificant. 

Data  from  previous  poly-SiGe  depositions  using  Siifh  as  the  silicon  source  are 
summarized  in  Table  3.7  [3.12],  The  poly-SiGe  deposition  was  done  in  the  same  reactor 
in  2002.  At  that  time,  100  mm-diameter  wafers  and  caged  boats  were  used. 


TABLE  3.7  SiGe  deposition  with  ShIT,  as  the  silicon  precursor  with  100  mm-diameter  wafers,  caged  boat  [3.12] 


Temp. 

(°C) 

Press. 

(mTorr) 

Si2H6 

(seem) 

GeH4 

(seem) 

ph3 

(seem) 

b2h6 

(seem) 

Dep.  Rate 
(nm/min) 

Resistivity 

(mJl-cm) 

Stress 

(MPa) 

%  Ge  by 

RBS 

350 

300 

25 

175 

0 

0 

1.2 

NA 

NA 

NA 

400 

300 

25 

175 

0 

0 

1.8 

NA 

NA 

66 

450 

300 

25 

175 

0 

0 

4.0 

NA 

NA 

NA 

450 

300 

10 

190 

5 

0 

6.6 

1300 

-180 

79 

450 

300 

15 

185 

5 

0 

7.0 

50000 

-270 

72 

500 

300 

15 

185 

5 

0 

9.0 

130 

-170 

74 

500 

300 

25 

175 

5 

0 

9.4 

120 

-170 

68 

550 

300 

15 

185 

5 

0 

10.0 

180 

NA 

80 

550 

300 

25 

175 

5 

0 

9.6 

170 

-100 

78 

550 

300 

35 

165 

5 

0 

8.2 

200 

-50 

75 

550 

300 

50 

150 

5 

0 

10.5 

50 

-180 

65 

350 

300 

25 

175 

0 

40 

10.5 

7800 

NA 

58 

400 

300 

25 

175 

0 

40 

13.0 

5400 

NA 

54 

450 

300 

25 

175 

0 

40 

22.0 

5.5 

NA 

50 

In  the  interest  of  lowering  the  thennal  budget  or  increasing  the  deposition  rate,  the 
numbers  in  Table  3.7  are  encouraging.  The  deposition  rate  with  Shhh  and  GeTD  is  about 
2x  higher  than  with  SiTD  and  GeTD  for  the  same  total  gas  flow  rate.  The  resistivity  with 
PH3  doping  is  a  lot  higher  than  desired,  but  there  is  room  for  improvement  in  the  B2H6 
doped  process.  The  average  residual  stress  is  in  a  reasonable  range.  There  is  no 
information  on  process  unifonnity.  Since  S^Th  is  more  reactive,  more  GeTD  flow  is 
needed  to  achieve  a  similar  germanium  content  as  compared  against  the  SifLt  and  GeTLt 
process.  To  obtain  similar  film  thickness,  the  cost  of  using  S^Th  as  the  silicon  source  is 
slightly  higher,  mainly  because  more  GeTG  is  used. 
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3.2.2  Experimental  results  and  discussion 

Based  on  the  results  above,  a  few  depositions  were  done  to  explore  the  SLH6 
process  by  finding  out  the  deposition  rate  and  basic  material  properties.  The  experiments 
were  done  during  the  development  of  the  BCI3  doped  poly-SiGe  process  using  SitB  and 
GetB  (Chapter  4).  To  make  the  comparison  easier,  the  same  furnace  geometry  was  used 
with  SBTk  replacing  SiTB  for  the  deposition.  There  are  twenty-five  150  mm-diameter 
wafers  sitting  in  an  open  boat  per  load.  The  process  conditions  and  the  results  are 
summarized  in  Table  3.8. 


TABLE  3.8  SiGe  deposition  with  Si2H6  as  the  silicon  precursor  with  150  mm-diameter  wafers,  open  boat 


Temp. 

(°C) 

Press. 

(mTorr) 

Si2H6 

(seem) 

GeH4 

(seem) 

BC13 

(seem) 

Dep.  Rate 
(nm/min) 

Resistivity 

(mll-cm) 

Stress 

(MPa) 

%  Ge  by 
SIMS 

B  cone. 
(cm3) 

425 

600 

25 

175 

12 

12.7 

Not  uniform 

NA 

NA 

NA 

375 

600 

25 

175 

12 

7.7 

Amorphous 

-386 

58 

2.8xl019 

400 

600 

25 

175 

12 

NA 

Not  unifonn 

NA 

58 

2.5xl019 

400 

300 

15 

185 

18 

9.4 

Amorphous 

-248 

63 

3.9xl019 

425 

300 

15 

185 

18 

11.2 

3.1 

-163 

62 

4.9X  1019 

425 

350 

25 

175 

18 

NA 

Not  unifonn 

NA 

55 

3.1xl019 

425 

350 

15 

150 

18 

NA 

Amorphous 

NA 

59 

3.9xl019 

Data  in  Table  3.8  show  there  is  indeed  an  improvement  in  deposition  rate  with 
S^Tb  compared  to  data  shown  in  Table  4.2  with  SiTb  at  similar  temperatures,  but  there 
are  tradeoffs  between  uniformity  and  crystallinity.  High  deposition  temperature  and  high 
deposition  pressure  result  in  poor  uniformity  -  the  film  at  the  center  of  the  wafer  is 
thinner  with  very  high  resistivity.  In  this  case,  the  reaction  is  in  the  mass  transportation 
limited  regime  since  disilane  is  very  reactive.  The  gas  reacts  on  the  wafer  edge  before  it 
diffuses  to  the  wafer  center.  In  the  extreme  case,  the  wafer  looks  darker  than  usual, 
especially  at  the  edge.  Gas-phase  nucleation  happens  here.  Silicon  particles  form  in  the 
gas  phase  and  reach  the  wafer  surface,  creating  a  porous  film  with  high  particle  density. 


Lowering  the  deposition  temperature,  the  deposition  pressure,  and  the  disilane/gennane 
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gas  flow  ratio  can  push  the  deposition  into  the  surface-reaction  limited  regime.  However, 
with  lower  temperature  and  lower  germanium  content,  the  film  is  amorphous.  Although 
the  boron  concentration  is  quite  high,  the  film  is  not  conductive.  This  set  of  experiment 
shows  that  the  process  window  with  disilane  is  narrow.  The  deposition  condition  has  to 
be  carefully  chosen  to  get  a  uniform  and  conductive  film.  Reducing  the  total  gas  flow 
rate,  increasing  the  wafer  spacing  or  use  of  a  caged  boat  could  increase  the  process 
window. 

The  benefits  of  changing  the  source  gas  from  SiH4  to  Sbfh  are  not  being 
maximized  due  to  the  effect  on  Ge  content  in  the  film.  The  SfiHe  partial  pressure  needs  to 
be  reduced  to  keep  the  same  Ge  content,  which  reduces  the  deposition  rate  and  makes  the 
net  gain  in  deposition  rate  small.  Also,  the  increase  in  deposition  rate  using  S^He  is  not 
worth  the  negative  impact  on  process  control.  Other  variables  such  as  tube  pressure  and 
total  gas  flow  may  offer  better  means  to  achieve  higher  deposition  rates  with  the  SiH4  and 
GeH4  process. 

3.3  Germyl  silanes  ((H3Ge)x  SiH4_x)  as  the  silicon  germanium  precursors 
3.3.1  Literature  review 

As  a  promising  material  for  modular  CMOS  and  MEMS  integration,  the  major 
challenges  for  LPCVD  poly-SiGe  in  manufacturing  are  achieving  good  control  of 
mechanical  properties  and  lowering  the  SiGe  deposition  thermal  budget. 

The  thin-film  mechanical  properties  and  the  deposition  rate  depend  strongly  on 
germanium  content.  However,  there  are  difficulties  in  controlling  the  gennanium  content 
in  a  LPCVD  reactor  using  SiH4  and  GeH4.  As  discussed  in  Chapter  2,  mass  flow 
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controllers  are  used  to  control  the  SiFE  and  GeH4  gas  flow  rates.  MFC  drift  has  been  an 
issue  and  it  is  a  concern  for  run-to-run  repeatability.  Also,  since  SiH4  and  GeH4  have 
different  consumption  rates,  the  wafers  closer  to  the  gas  inlet  have  higher  germanium 
content.  This  in  combination  with  the  loading  effect  results  in  a  deposition  rate  that  is 
higher  at  the  gas  inlet  side  than  at  the  exhaust  side  of  the  furnace. 

While  the  above  difficulties  could  be  overcome  with  sophisticated  engineering 
solutions  like  MFC  recalibration  and  precursor  injection,  the  new  family  of  precursor 
germyl  silanes  ((FI3Ge)xSiFE-x)  for  SiGe  deposition  that  has  been  developed  recently  can 
potentially  be  a  simpler  approach  to  solve  these  issues  [3.13,  3.14].  As  shown  in  Figure 
3.12,  this  family  of  gennyl  silanes  has  direct  Si-Ge  bonds.  The  SiGe  film  compositional 
control  is  defined  by  the  Si:Ge  ratio  of  the  precursor  molecule  rather  than  the  precision  of 
the  gas  delivery  system  with  the  binary  precursor  gases  such  as  SiFE  and  GeFLj.  Because 
the  optimal  gennanium  content  for  MEMS  applications  is  between  50%  and  70%, 
FI3GeSiFI3  and  (H3Ge)2SiH2  are  of  particular  interest.  Figure  3.13  shows  the  Arrhenius 
plot  of  the  epitaxial  deposition  rate  for  various  precursor  gases  [3.14].  The  germyl  silane 
molecules  provide  high  deposition  rates  at  low  temperatures  relative  to  disilane.  The 
SiGe  deposition  rate  achieved  with  the  germyl  silane  precursors  is  expected  to  be  greater 
than  that  achieved  with  SiFE  and  GeFE.  Therefore,  germyl  silane  precursors  could 
facilitate  further  reductions  in  the  thermal  budget  for  fabrication  of  MEMS  on  CMOS,  to 
minimize  any  detrimental  impact  on  CMOS  reliability. 
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H3SiGeH3  (H3Ge)2SiH2  (H3Ge)3SiH 

Figure  3.12  Structures  of  the  germyl-silanes  [3.13] 


(H3Ge)4Si 


o 


Figure  3.13  Temperature  dependence  of  the  first  epitaxial  layer  growth  rates  for  various 
precursors  on  Si  (100)  [3.14] 


3.3.2  Experimental  plan 

The  germyl  silane  precursors  are  being  developed  commercially  [3.15]  and 
collaborations  are  underway  to  test  the  deposition  with  these  precursors  with  the  LPCVD 
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system.  While  the  germyl  silane  precursors  have  the  potential  benefits  of  precise 
gennanium  content  control,  run-to-run  reproducibility,  higher  deposition  rate  and  lower 
deposition  temperature,  there  are  also  some  unknowns.  Since  the  germyl  silane  molecules 
have  large  molecular  weight  with  high  reactivity,  the  process  should  be  carefully 
designed  so  that  the  deposition  is  in  the  surface  reaction  limited  regime.  There  will  be 
tradeoffs  between  unifonnity  and  deposition  rate  like  that  seen  for  ShFL  deposition. 

Most  of  the  germyl  silane  precursors  are  liquids  at  room  temperature,  except  that 
FfiGeSiFfi  is  in  gas  phase.  The  vapor  pressures  at  22°C  for  (FfiGejoSiFL,  (TfiGe^SiH  and 
(H3Ge)4Si  are  55  Torr,  10  Torr  and  1  Torr,  respectively.  If  these  liquid  phase  precursors 
are  used,  heating  of  the  gas  bottle  and  the  delivery  line  will  likely  be  needed  to  ensure 
sufficient  gas  is  being  pumped  into  the  reaction  chamber.  To  find  out  if  heating  would  be 
needed  for  the  LPCVD  system,  the  gas  flow  and  pressure  stability  can  be  verified 
manually  once  the  precursor  is  hooked  up  to  the  reactor.  Diluting  the  liquid  with  another 
gas  or  using  a  bubbler  might  be  alternatives  to  heating,  if  lower  concentration  is 
necessary  for  better  uniformity  control. 

To  simplify  the  installation,  the  gas-phase  precursor  pure  FfiGeSiFfi  will  be  tested 
first.  Initial  depositions  should  be  targeted  to  understand  the  basic  process  and  material 
properties.  Cross  wafer  and  cross  load  process  unifonnity,  deposition  rate,  germanium 
content,  resistivity,  crystallinity  and  average  residual  stress  should  be  characterized. 
Based  on  the  results  of  the  initial  depositions,  the  process  can  be  fine  tuned  to  once  the 
tradeoffs  among  deposition  rate,  unifonnity  and  crystallinity  are  understood.  For  the 
LPCVD  reactor  in  the  UC  Berkeley  Microlab,  the  adjustable  process  parameters  and  their 
range  are  listed  in  Table  3.9. 
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TABLE  3.9  Adjustable  process  parameters  with  H3GeSiH3  in  the  Berkeley  Microlab’s  LPCVD  poly-SiGe  reactor 
(Tystar20) _ 


Parameters 

Process  space 

Gas  flow  rates 

10  -  90%  MFC  range  of  H3GeSiH3 

10  -  4500  seem  of  N2  dilution 

Temperature 

300  -  450°C 

Temperature  ramping  across  the  load 

Tube  pressure 

200  -  800  mTorr 

Wafer  placement 

Wafers  can  be  placed  at  every  slot  or  further  apart  fonn  each  other 

Open  boat  or  caged  boat  can  be  used 

Since  the  deposition  will  result  in  50%  gennanium  content  SiGe  film  with 
relatively  high  deposition  rate,  an  amorphous  film  might  result  from  deposition 
temperatures  below  425°C.  A  thin  crystalline  seeding  layer  generated  with  SiFfi  and 
GeFfi  can  be  used  to  help  to  form  a  fully  crystalline  seed  for  the  FfiGeSiFfi  main 
deposition. 


3.4  Summary 

The  investigation  of  new  process  gases  discussed  in  this  chapter  involves  a  good 
amount  of  background  study,  hardware  modification  and  process  verification.  Boron 
trichloride  (BCfi)  has  been  proven  to  be  a  better  boron  dopant  source  compared  to 
diborane  (Both),  resulting  in  a  more  stable  and  better  controlled  process.  Further 
development  and  characterization  with  the  BCfi  doped  process  will  be  discussed  in  the 
next  Chapter.  As  a  silicon  precursor,  disilane  (SfiFfi)  can  improve  the  deposition  rate  and 
lower  the  thennal  budget  of  the  process;  however  there  is  significant  drawback  in  the 
process  control  due  to  its  high  reactivity.  The  process  space  with  SfiFfi  is  narrow  and  the 
cost  of  using  disilane  will  be  higher  since  more  germane  will  be  needed  to  get  the  desired 
gennanium  content.  As  single-source  silicon  and  germanium  precursors,  germyl  silanes 
((FfiGe)xSiFl4_x)  have  the  potential  of  providing  higher  deposition  rate  and  producing 
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uniform  germanium  content  film  across  a  large  batch.  Experiments  beyond  the  scope  of 
this  thesis  are  needed  to  understand  germyl  silanes’  pros  and  cons  in  LPCVD  applications 
once  these  gases  are  available  for  laboratory  experiments. 
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Chapter  4:  LPCVD  Poly-SiGe  Process  Optimization 


For  MEMS  applications,  poly-SiGe’s  low  resistivity,  low  wet-etch  rate  in  heated 
hydrogen  peroxide  (H2O2)  solution,  low  tensile  stress  and  low  strain  gradient  are  the 
desirable  properties.  The  electrical  and  mechanical  properties  of  poly-SiGe  films  depend 
strongly  on  the  deposition  process  conditions.  This  chapter  describes  the  process 
development  to  achieve  the  optimal  poly-SiGe  film  for  RF  MEMS  devices  and  inertial 
sensors. 

The  experimental  details  and  thin  film  characterization  methods  are  presented 
first.  The  results  of  all  the  depositions  are  summarized  in  section  4.3.  Each  set  of 
experiments  is  described  individually  in  the  follow  sections.  Then  the  results  of  all 
experiments  are  reviewed  together  for  microstructural  properties  study,  and  the 
characteristic  microstructure  for  achieving  low  strain  gradient  film  is  elucidated. 

4,1  Experimental  details 

Boron-doped  poly-SiGe  films  were  deposited  in  a  Tystar  hot-wall  horizontal 
LPCVD  reactor  as  described  in  Chapter  2.  Pure  SiFfi  and  GeH4  were  used  as  the  silicon 
and  germanium  precursor  gases,  respectively.  1%  BCI3  diluted  in  He  was  used  as  the 
dopant  gas.  SiH4  and  GeH4  were  introduced  through  a  gas  ring  located  at  the  load  side  of 
the  tube.  The  BCfi/He  mixture  was  introduced  from  the  pump  side  through  a  multi-hole 
injector  located  beneath  the  wafer  boats.  Twenty-five  150  mm-diameter  wafers  were 
placed  in  open  boats  at  the  center  of  the  reactor  per  load.  Poly-SiGe  films  were  deposited 
onto  silicon  substrates  coated  with  a  2  pm-thick  LPCVD  SiCK  A  very  thin  (<5  nm) 
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amorphous-silicon  seed  layer  was  deposited  first  using  Sfifb  to  promote  the  adhesion  of 
poly-SiGe  to  the  oxide. 

Experimental  data  were  collected  with  five  4”-diameter  wafers  that  were  placed  in 
slots  3,  9,  15,  and  21  of  the  wafer  boats,  counting  from  the  gas  inlet  side.  A  four-point 
probe  instrument  was  used  to  measure  the  sheet  resistance.  The  films  were  patterned  and 
etched  for  the  thickness  measurement  using  a  stylus-based  profiler.  Wafer  curvature  was 
measured  before  and  after  SiGe  deposition  (with  backside  SiGe  film  removed)  to 
determine  the  average  residual  stress  of  the  film.  A  cantilever  beam  array  was  patterned 
and  released  for  strain  gradient  measurement.  Resistivity,  thickness,  and  strain  gradient 
were  measured  at  various  points  on  each  wafer,  and  average  numbers  are  reported  here. 
The  crystal  orientation  of  selected  films  was  studied  by  X-ray  diffraction.  Transmission 
electron  microscopy  (TEM)  analysis  was  used  extensively  to  understand  the  film’s 
microstructure  and  its  correlation  with  the  deposition  condition  and  mechanical 
properties. 

4.2  Characterization  methods 

4.2.1  Transmission  electron  microcopy 

Transmission  electron  microcopy  analysis  is  commonly  used  to  obtain 
crystallographic  information  from  specimens  that  are  thin  enough  to  transmit  electrons 
[4.1].  A  stream  of  electrons  produced  by  the  electron  gun  is  focused  to  a  small  and 
coherent  beam  by  a  set  of  condenser  lenses  and  aperture.  The  beam  then  strikes  the 
specimen  and  part  of  it  is  transmitted.  The  transmitted  part  is  focused  by  a  set  of 
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objective  lenses  and  the  image  of  the  specimen  is  passed  onto  the  image  plane  for  the 
user  to  see. 

While  the  theory  and  operation  of  the  transmission  electron  microscope  are  fairly 
simple,  the  challenge  of  TEM  analysis  is  in  the  sample  preparation.  The  thickness  of  the 
specimen  should  be  less  than  a  few  thousand  angstroms  for  the  electron  beam  to  penetrate 
through.  The  sample  preparation  is  time  consuming  and  requires  patience.  Cross- 
sectional  TEM  analysis  is  mainly  used  for  this  dissertation.  Figure  4.1  illustrates  the 
general  procedure  for  cross-sectional  TEM  specimen  preparation.  First,  the  wafer  with 
the  thin  film  is  cleaved  into  a  few  3  mm  by  3  mm  pieces.  Two  pieces  are  glued  together 
with  the  thin  films  facing  each  other  using  epoxy  (M-bond  610).  Two  dummy  pieces  are 
glued  on  the  sides  as  mechanical  supports.  The  sandwich  is  then  cut  into  a  few  slides 
approximately  500  pm  thick  using  a  diamond  saw.  The  slide  is  chopped  into  a  disk  using 
a  slurry  disk  cutter.  The  sample  then  goes  to  the  dimpler  for  mechanical  grinding  and 
polishing.  Once  the  center  region  of  the  sample  is  thinned  down  to  about  20  pm,  the  disk 
is  mounted  in  an  ion-milling  machine  where  the  specimen  is  further  sputter  thinned  by 
ion  bombardment  until  a  hole  appears.  The  edge  near  the  hole  is  thin  enough  for  imaging 
under  the  electron  microscope. 

Top  view  TEM  specimen  can  be  prepared  using  similar  techniques  with  the 
bonding  and  slicing  steps  skipped.  A  disk  can  be  cut  from  the  wafer  and  the  sample  is 
mechanically  polished  and  ion  milled  to  final  thickness  from  the  backside. 
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Figure  4.1  Cross-sectional  TEM  sample  preparation  method 


4.2.2  X-ray  diffraction 

X-ray  diffraction  (XRD)  measurement  is  a  non-destructive  method  that  provides 
information  on  crystallinity  and  texture  of  bulk  solids  and  thin  films.  Monochromatic  X- 
ray  is  used  to  detennine  the  inter-planar  spacing  of  the  material.  Material  composition 
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and  crystal  orientation  can  be  obtained  from  the  X-ray  spectra.  When  the  Bragg  condition 
for  constructive  interference  is  obtained,  a  diffraction  peak  is  produced  and  the  relative 
peak  height  is  proportional  to  the  number  of  grains  in  a  preferred  orientation. 

For  a  poly-SiGe  thin  film  on  a  single-crystal  silicon  substrate,  the  X-ray  spectra 
contain  diffraction  peaks  for  both  the  thin  film  and  the  substrate.  The  diffraction  peak 
positions  can  be  calculated  with  Bragg’s  Law  [4.2]: 

A  =  2d  sin  6  (4.1) 


d  = 


(4.2) 


where  h,  k  and  1  are  the  Miller  indices  for  the  direction  and  a  is  the  lattice  constant  for  a 
cubic  material.  The  lattice  constant  of  Si,  Ge  and  Sii.xGex  are  listed  below: 


Si:  a  =  5.43 A 


(4.3) 


Ge:  a  =  5.66 A  (4.4) 

Sii_xGex:  a(x)  =  (5.43  +  0.20x  +  0.027 x2)  (A)  [4.3]  (4.5) 


Si4oGe6o:  ct  =  5.56 A  (4.6) 

The  peak  position  shifts  with  different  gennanium  content.  However,  it  is 
difficult  to  calculate  the  germanium  content  from  the  peak  position  since  peak  shift  can 
also  be  induced  by  stresses  in  the  film.  The  diffraction  peaks  of  the  poly-SiGe  sample  are 
listed  in  Table  4.1. 
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TABLE  4.1  XRD  20  angle  calculation 


Material 

Direction 

d(A) 

20(”) 

Si 

<200> 

2.72 

33.96 

Si 

<400 

1.36 

69.14 

Ge 

<200 

2.83 

31.59 

Ge 

<400 

1.42 

65.96 

Si4oGe6o 

<11 1> 

3.21 

27.77 

SpoGego 

<220 

1.97 

46.14 

SpoGego 

<3 1 1> 

1.68 

54.71 

Si4oGefio 

<222> 

1.61 

57.36 

Si40Ge6o 

<400 

1.39 

67.31 

Si40Ge6o 

<33 1> 

1.28 

74.30 

4.2.3  Strain  gradient  measurement 

Minimization  of  the  strain  gradient,  or  the  out-of-plane  curvature  of  a  released 
beam,  is  a  critical  requirement  for  inertial  sensor  applications  in  which  the  lateral 
dimensions  of  mechanical  structures  are  in  the  range  of  hundreds  of  microns.  A  typical 
target  value  of  strain  gradient  is  1  x  1  (  A  pm'1  for  inertial  sensor  applications,  which  would 
yield  1.25  pm  tip  deflection  of  a  500  pm  long  cantilever  beam.  The  dependence  of  stress 
and  strain  gradient  on  film  microstructure  and  deposition  conditions  is  well-understood 
for  poly-Si  films  [4.1],  [4.4].  The  mechanical  properties  of  poly-SiGe  can  be  studied  with 
similar  techniques  used  for  poly-Si. 

The  released  cantilever  beam  shown  in  Figure  4.2(a)  is  commonly  used  for  strain 
gradient  measurement.  Strain  gradient  is  calculated  as  [4.5]: 


1  _  2Az 

~P~~£ 


(4.7) 


where  p  is  the  radius  of  curvature  of  the  beam,  Az  is  the  out-of-plane  deflection  of  the  tip 
and  L  is  the  length  of  the  cantilever  beam. 
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Figure  4.2  Strain  gradient  measurement:  a)  cross-sectional  schematic  of  a  released 
cantilever  beam;  b)  stress  depth  profde  before  release;  c)  stress  depth  profde  after  release, 
but  before  bending 


The  strain  gradient  of  the  film  can  also  be  calculated  as  [4.5]: 

1  _  12  M 
p  ~  EWH 

where  M  is  the  bending  moment,  E  is  the  Young’s  Modulus,  W  is  the  width  of  the 

cantilever  beam,  H  is  the  fdm  thickness,  n  is  the  position  of  the  neutral  axis,  a(z)  is  the 

stress  depth  profile  in  the  film  and  z  is  the  distance  from  the  neutral  axis.  Strain  gradient 
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12  H~n 

j  cr(z)  z  dz 


3  EH 3 


(4.8) 


is  related  to  stress  gradient  with  the  Young’s  Modulus  as  a  proportionality  factor, 
assumed  to  be  140  GPa  for  poly-SiGe. 

Stress  us',  depth  profiles  g(z)  for  Equation  (4.8)  were  generated  by  incrementally 
etching  (thinning)  an  unpattemed  poly-SiGe  film  on  the  front  side  of  the  wafer  and  then 
measuring  the  change  in  wafer  curvature,  in  an  iterative  manner  [4.1].  Initial  wafer 
curvature  was  measured  prior  to  any  etching  of  the  poly-SiGe  film  using  a  reactive  ion 
etcher.  After  every  0.16  pm  of  etching,  the  wafer  was  taken  out  from  the  etcher  for  wafer 
curvature  measurement.  The  stress  of  the  thin  etched  layer  was  detennined  from  the 
change  in  wafer  curvature.  This  process  was  repeated  until  the  poly-SiGe  film  was 
completely  etched  away.  A  typical  stress  profile  of  a  film  before  release  is  shown  in 
Figure  4.2(b).  To  find  the  neutral  axis  in  Equation  (4.8),  the  stress  profile  is  shifted  by  the 
amount  of  average  residual  stress  and  the  position  of  the  neutral  axis  is  at  the  intersection 
of  the  zero  stress  line  and  the  shifted  stress  profile,  as  shown  in  Figure  4.2(c).  Error  bars 
displayed  on  the  stress  curve  indicate  the  measurement  uncertainty.  Note  that  the 
systematic  error  is  significantly  larger  at  the  bottom  of  the  film  because  of  the  cumulative 
effect  of  cross-wafer  etch-rate  non-uniformity,  which  reduces  the  validity  of  the 
assumption  of  uniform  film  thickness  for  the  stress  measurement  toward  the  bottom  of 
the  film.  Nonetheless,  the  general  shape  of  the  stress  profile  is  still  valid  and  the  two 
methods  of  strain  gradient  measurement  yield  similar  results  with  -20%  discrepancy. 

4.3  Overall  experimental  data 

The  average  deposition  rate,  resistivity,  average  residual  stress  and  strain  gradient, 
along  with  cross-wafer  (XW)  and  cross-load  (XL)  deposition  uniformity,  are  summarized 
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in  Table  4.2.  Uniformity  is  reported  as  normalized  standard  deviation  for  deposition  rate 
and  resistivity.  Standard  deviation  is  reported  for  average  residual  stress  since  its  value 
can  be  both  positive  and  negative.  Average  strain  gradient  and  its  best  value  within  each 
run  are  reported  in  Table  4.2.  Further  statistical  analysis  of  the  strain  gradient  is  discussed 
later  in  the  chapter. 

The  experimental  study  was  done  in  a  series  of  design-of-experiments  (DOE) 
runs.  The  1st  DOE  was  performed  to  understand  the  process  space  and  characterize  the 
deposition  rate,  resistivity,  average  residual  stress,  strain  gradient  and  wet  etch  rate  in 
hydrogen-peroxide  solution.  The  results  of  the  1st  DOE  showed  that  the  structural  layer 
requirements  for  general  MEMS  applications  can  be  met  within  the  process  temperature 
constraint  imposed  by  CMOS  electronics,  but  the  strain  gradient  requirements  for  inertial 
sensor  applications  remain  a  major  challenge.  The  rest  of  the  experiments  were  all 
designed  to  achieve  low  strain  gradient  with  good  uniformity.  The  ramping  experiment 
explores  the  option  of  ramping  down  the  temperature  and  germanium  content  during 
deposition  for  grain  control.  The  2nd  DOE  looked  into  the  effect  of  varying  the  dopant  gas 
flow  rate  and  the  process  pressure.  In  addition,  the  effects  of  film  thickness  and  the  initial 
seed  layer  were  studied  with  the  best  recipe  from  the  2nd  DOE.  Also,  multiple  layer 
deposition  was  used  to  create  line-grain  microstructure.  Low  strain  gradient  can  be 
achieved  with  several  of  the  approaches  described  above.  All  recipes  which  yield  films 
with  absolute  strain  gradient  <  lx  10‘4  pm"1  are  highlighted  in  Table  4.2.  Strain  gradient 
uniformity  study  has  focused  on  these  highlighted  recipes. 
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4.4  1st  design-of-experiments 
4.4.1  Experimental  design 

For  the  LPCVD  process,  the  process  variables  include  temperature,  pressure, 
silane-to-gennane  gas  flow  ratio,  dopant  gas  flow  rate,  and  load  size.  In  this  section,  the 
LPCVD  poly-SiGe  process  parameter  space  is  explored  with  a  15-run  DOE  [4.6].  SiH4- 
to-GeFL  gas  flow  ratio,  BCI3  gas  flow  rate,  and  temperature  are  the  input  variables; 
deposition  rate,  resistivity,  average  residual  stress,  strain  gradient  and  FLO2  etch  rate  are 
functions  of  the  input  variables. 

All  depositions  targeted  a  poly-SiGe  film  thickness  of  2  pm.  For  the  design  of 
experiments,  a  face-centered  central  composite  design  was  used.  Deposition  temperature 
(410°C,  425°C,  or  440°C),  SiH4  to  GeH4  ratio  (104/70,  112/60  or  120/50  sccm/sccm), 
and  BCI3  flow  rate  (6,  12  or  18  seem)  were  chosen  as  input  variables.  It  should  be  noted 
that  initial  design  intended  to  have  the  summation  of  SiH4  and  GeFI4  flow  rates  as  a 
constant  -  200  seem.  However,  the  SiH4  MFC  experienced  an  electronic  drift  prior  to  this 
experiment,  so  that  the  actual  SiH4  gas  flow  rate  was  later  found  out  to  be  -80%  of  the 
design  value.  The  process  pressure  was  kept  constant  at  600  mTorr  in  each  recipe.  The 
process  details  for  each  deposition  run  are  summarized  in  Figure  4.3.  The  lower  value  of 
temperature  was  set  by  the  amorphous-to-polycrystalline  transition  temperature,  and  the 
upper  value  was  set  by  thermal  budget  limits  imposed  by  foundry  CMOS  electronics.  The 
upper  and  lower  values  of  SiH4/GeH4  flow  ratio  were  set  by  the  crystallinity  requirement 
and  hydrogen-peroxide  etch  rate,  respectively.  High-germanium-content  films  have  lower 
amorphous-to-polycrystalline  transition  temperature.  However,  the  wet  etch  rate  is  higher 
for  germanium-rich  films,  which  is  not  desirable  for  micro-machining  processes  using 
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pure  germanium  as  the  sacrificial  material  [4.7].  The  lower  value  of  BCI3  flow  rate  was 
set  by  resistivity  considerations,  while  the  upper  value  was  set  by  the  maximum  flow  rate 
of  the  mass  flow  controller  (MFC). 


Pressure  =  600  mTorr 


- 1 - 1 - 

410  °C  425  °C  440  °C  Temp. 

Figure  4.3  1st  design  of  experiments  input  parameter  values 


4.4.2  Results  and  interpretation 

The  experimental  data  for  the  1st  design  of  experiment  can  be  found  in  Table  4.2. 
The  deposition  rate,  resistivity,  and  wet  etch  rate  fall  within  reasonable  ranges. 
Depending  on  the  application,  a  recipe  can  be  chosen  to  meet  specific  requirements.  The 
average  residual  stress  is  compressive  for  each  of  the  recipes  although  a  small  tensile 
stress  is  desired  for  some  applications.  The  strain  gradient  is  higher  than  desired  for 
inertial  sensor  applications. 
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Since  a  LPCVD  system  is  a  batch  reactor,  cross-load  unifonnity  is  an  important 
manufacturing  consideration.  The  wafer-to-wafer  uniformity  and  within-wafer  unifonnity 
reported  here  are  for  the  Tystar  reactor  in  an  academic  research  laboratory;  it  is  not 
surprising  that  they  do  not  meet  specifications  for  high  volume  production.  However, 
uniformity  is  expected  to  be  significantly  better  for  the  sophisticated  LPCVD  systems 
used  within  production  environments.  In  our  research  tool,  the  cross-wafer  uniformity  of 
deposition  rate  is  better  than  3%.  Due  to  the  different  consumption  rates  of  SiH4  and 
GeH4,  the  gennanium  content  in  films  deposited  onto  wafers  closest  to  the  gas  inlet  is 
about  3  atomic  percent  higher  than  for  films  deposited  onto  the  wafers  closest  to  the 
exhaust  [4.7].  This  gradient  in  germanium  content,  in  combination  with  the  loading  effect, 
results  in  a  deposition  rate  that  is  higher  at  the  gas  inlet  side  than  at  the  exhaust  side.  To 
improve  the  cross-load  uniformity,  an  injector  can  be  used  for  the  precursor  gases.  The 
dopant  gas  is  introduced  via  an  injector  located  at  the  bottom  of  the  reactor.  Thus,  the 
film  resistivity  is  lower  in  the  regions  of  the  wafers  closer  to  the  injector.  Due  to  gas 
depletion  effects,  recipes  utilizing  low  BCI3  flow  rate  tend  to  have  worse  cross-wafer 
uniformity  in  resistivity.  Since  the  injector  design  was  not  optimal,  cross-load  uniformity 
of  resistivity  depends  on  the  wafer  position  relative  to  location  of  the  injector  holes. 
Improved  injector  design,  higher  BCI3  flow  rate,  and  in-situ  wafer  rotation  as  in  a  vertical 
furnace  should  all  enhance  the  unifonnity  of  film  resistivity. 

To  deduce  general  trends,  the  average  values  for  deposition  rate,  resistivity, 
residual  stress,  strain  gradient,  and  wet  etch  rate  were  analyzed  using  the  JMP™ 
statistical  software  package  [4.8].  Confidence  intervals  for  the  output  observables  vs. 
input  factors  are  shown  in  Figure  4.4.  The  deposition  rate  increases  with  temperature,  but 
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decreases  with  SiFB/GeFB  ratio  and  shows  no  dependence  on  dopant  gas  flow  rate.  The 
film  resistivity  mainly  depends  on  BCI3  flow  rate.  The  average  residual  stress  becomes 
less  compressive  with  increasing  temperature  and  decreasing  SiFB/GeFC  ratio.  Average 
residual  stress  was  previously  reported  to  become  more  compressive  when  boron  doping 
is  increased  by  orders  of  magnitude  in  Chapter  3.  In  this  experiment,  the  boron  doping 
variation  range  is  small,  and  no  significant  trend  is  found  for  the  average  residual  stress 
us',  dopant  concentration.  For  the  strain  gradient  data,  the  error  bar  is  larger  than  the  slope 
of  the  trend  in  Figure  4.4.  Further  investigation  of  the  strain  gradient  will  be  discussed  in 
the  next  section.  Wet  etch  rate  mainly  depends  on  the  germanium  content  in  the  film  and 
thus  increases  inversely  with  SiFb/GeFLt  ratio  as  expected. 
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4.4.3  Mechanical  properties  study 

The  stress  profiles  of  all  the  deposition  conditions  along  with  some  TEM  images 
are  presented  in  Figure  4.5  over  the  next  few  pages.  The  majority  of  the  deposited  films 
have  upward  curvature  upon  release,  because  the  compressive  stress  at  the  bottom  of  the 
film  is  usually  significantly  higher  than  in  the  rest  of  the  film.  The  slope  of  the  stress 
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profile  (hence  the  strain  gradient)  depends  on  the  film  deposition  conditions.  Similar 
results  have  been  found  for  APCVD  and  PECVD  poly-SiGe  films  [4.9],  [4.10], 
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Based  on  the  stress  profiles  shown  above,  the  average  residual  stress  is  expected 
to  decrease  (become  less  compressive)  with  increasing  film  thickness  since  the 
compressive  stress  gradually  releases  along  the  film  thickness.  The  average  strain 
gradient  is  also  expected  to  decrease  with  increasing  film  thickness.  As  discussed 
previously,  there  is  a  thickness  variation  across  the  load  for  each  deposition  run.  Figure 
4.6  shows  that  the  average  residual  stress  becomes  less  compressive  with  increasing  film 
thickness.  Figure  4.7  shows  that  the  strain  gradient  decreases  with  increasing  film 
thickness,  as  expected.  From  Figure  4.4  it  can  be  seen  that  the  average  residual  stress  and 
the  strain  gradient  each  varies  with  germanium  content.  The  small  variation  (3  atomic 
percent)  in  germanium  content  across  the  load  is  a  secondary  effect  for  the  observed 
dramatic  changes  in  average  residual  stress  and  strain  gradient. 
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Figure  4.6  Average  residual  stress  vs.  film  thickness  for  films  deposited  at  various 
temperatures:  a)  410°C;  b)  425°C;  c)  440°C 
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Figure  4.7  Strain  gradient  vs.  film  thickness  for  films  deposited  at  various  temperatures 
a)  410°C;  b)  425°C;  c)  440°C 
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Figure  4.8  shows  the  correlation  of  strain  gradient  with  resistivity,  for  2-um-thick 
films.  Five  measurements  were  taken  from  each  wafer.  It  should  be  noted  that  the  dopant 
injector  is  not  well-optimized  for  unifonnity;  so  there  is  variation  in  film  resistivity 
across  the  wafer.  Since  the  deposition  rate  does  not  depend  on  dopant  concentration,  the 
film  thickness  is  fairly  uniform  across  the  wafer.  For  films  deposited  at  410°C,  the  strain 
gradient  increases  with  resistivity,  but  there  is  no  significant  correlation  seen  for  films 
deposited  at  425°C  or  440°C. 
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Figure  4.8  Strain  gradient  vs.  resistivity  for  2 -pm  thick  films  deposited  at  various 
temperatures:  a)  410°C;  b)  425°C;  c)  440°C 
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The  microstructure  of  selected  films  was  studied  by  transmission  electron 
microscopy  (TEM).  The  images  are  shown  next  to  the  stress  profile  in  Figure  4.5. 
Comparing  the  films  deposited  with  Recipes  DOE  1-1  and  DOE  1-4,  they  are  both 
deposited  at  410°C  but  with  different  BC13  flow  rates.  The  more  heavily  doped  film  has  a 
thinner  amorphous  layer  at  the  bottom  of  the  film.  This  is  consistent  with  previous  reports 
that  in-situ  boron  doping  enhances  the  crystallinity  of  poly-SiGe  [4.11].  In  addition,  the 
more  heavily  doped  film  has  a  vertically  uniform  grain  structure  through  its  thickness. 
The  microstructure  depth  profiles  correlate  well  with  the  stress  depth  profile 
measurements  shown  to  the  left.  At  the  oxide-substrate  interface,  the  film  is  amorphous 
and  hence  has  highly  compressive  stress.  Furthermore,  the  film  with  lower  boron 
concentration  has  a  conical  grain  structure  and  the  variation  in  grain  size  along  the  film 
thickness  results  in  a  larger  stress  gradient. 

The  cross-sectional  TEM  image  of  films  deposited  at  440°C  (Recipe  DOE  1-13 
and  DOE1-14)  are  also  shown  in  Figure  4.5(m)  and  Figure  4.5(n).  There  is  no  significant 
difference  in  the  microstructures  for  these  two  films  although  they  have  different  doping 
level  and  germanium  content.  Due  to  the  higher  deposition  temperature,  the  film  is 
polycrystalline  at  the  oxide  substrate  interface.  As  the  film  grew,  the  average  grain  size 
increased,  so  that  the  grains  are  conical.  The  stress  profile  shown  to  the  left  indicates  that 
the  highest  compressive  stress  is  located  at  the  bottom  of  the  film  where  the  average  grain 
size  is  smallest,  which  results  in  an  upward  curvature  of  the  released  film.  As  seen  in 
Figure  4.8(b)  and  Figure  4.8(c),  the  strain  gradients  of  the  films  deposited  at  425°C  and 
440°C  do  not  depend  on  the  boron  concentration.  Thus  it  is  very  likely  that  the  thermal 
effect  is  more  significant  for  crystallinity  compared  to  the  boron  doping  effect.  The 
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440°C  recipes  yield  films  with  lower  strain  gradient  compared  to  the  425°C  recipes, 
possibly  because  the  stress  is  relieved  by  in-situ  annealing  during  the  higher  temperature 
deposition. 

Comparing  the  TEM  images  of  DOE  1-3  and  DOE1-13  in  Figure  4.5(c)  and 
Figure  4.5(1),  the  only  difference  in  deposition  condition  is  the  temperature.  Since  higher 
temperature  enhances  crystallization,  the  crystal  seeding  of  DOE  1-13  starts  earlier  and 
has  a  higher  density.  The  growth  rate  of  the  crystals  also  increases  with  temperature  and 
the  film  in  DOE  1-13  is  rougher  at  the  surface.  The  microstructures  of  both  recipes  are 
conical  in  shape  and  have  high  strain  gradient. 

Revisiting  Figure  4.8(a),  it  seems  very  promising  to  reduce  the  strain  gradient  by 
increasing  the  boron  doping  for  films  deposited  at  low  temperature  (near  the  amorphous- 
to-polycrystalline  transition  temperature).  For  a  closer  examination  of  the  strain  gradient 
v.s'.  resistivity  trend,  all  of  the  data  for  films  deposited  at  410°C  are  plotted  in  Figure  4.9. 
Figure  4.9(a)  shows  the  data  for  two  recipes  yielding  a  linear  correlation  between  strain 
gradient  and  resistivity.  The  improvement  in  strain  gradient  with  decreasing  resistivity  is 
mainly  due  to  crystallinity  enhancement  by  boron  doping.  Figure  4.9(b)  shows  the  data 
for  two  recipes  that  do  not  yield  a  linear  correlation  between  strain  gradient  and 
resistivity.  Since  these  recipes  yield  films  with  relatively  high  resistivity,  this  suggests 
that  there  exists  a  threshold  of  minimum  boron  doping  required  for  crystallinity 
enhancement.  Moreover,  this  threshold  doping  level  depends  on  the  germanium  content: 
films  with  higher  germanium  content  have  better  crystallinity  for  a  given  deposition 
temperature,  and  the  boron  doping  effect  is  not  as  pronounced.  Figure  4.9(c)  shows  the 
data  for  the  recipe  that  yields  the  lowest  strain  gradient;  the  released  films  can  have  either 
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positive  or  negative  out-of-plane  curvature.  The  significant  cross-load  variation  makes  it 
difficult  to  control  strain  gradient  via  doping.  The  variation  from  wafer  to  wafer  is  due  to 
cross-load  variations  in  film  thickness  and  germanium  content.  The  smaller  variation  in 
strain  gradient  across  a  wafer  is  a  result  of  microstructure  non-uniformity.  Since  the 
deposited  film  consists  of  a  single  columnar-grain  layer,  local  variations  [4.12],  [4.13]  in 
microstructure  makes  strain-gradient  control  challenging  in  the  range  of  lxlO'5  pm'1  and 
lower. 
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(4)  Strain  Gradient  vs.  Resistivity  (410  °C,  Recipe  3) 
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Figure  4.9  Strain  gradient  vs.  resistivity  for  films  deposited  at  410  °C,  showing:  a)  linear 
correlation;  b)  non-linear  correlation;  c)  minimum  strain  gradient 
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4.4.4  Summary 

The  design  of  experiments  method  has  been  used  to  investigate  deposition  of  in- 
szfw-boron-doped  poly-SiGe  films  by  LPCVD.  Films  with  low  resistivity  and  slow  wet- 
etch  rate  (in  heated  FECb  solution)  can  be  achieved  at  reasonable  rates  at  low 
temperatures  suitable  for  post-CMOS  MEMS  integration.  Within  the  process  space 
explored,  all  of  the  films  have  compressive  residual  stress;  so  designers  must  be  aware  of 
the  potential  for  buckling  of  released  clamped-clamped  poly-SiGe  beams.  The  minimum 
achievable  strain  gradient  for  a  ~2  pm  thick  single  layer  of  poly-SiGe  is  at  least  an  order 
of  magnitude  higher  than  desired  for  inertial  sensor  applications.  The  large  stress  gradient 
is  due  to  highly  compressive  stress  in  the  lower  portion  of  the  film  formed  at  the 
beginning  of  the  deposition  process.  For  films  deposited  at  low  temperature  (near  the 
amorphous-to-polycrystalline  transition  temperature),  crystallinity  can  be  enhanced  by  in- 
si  tu  boron  doping.  As  a  result,  films  with  higher  boron  doping  develop  a  more  columnar 
microstructure  and  hence  a  lower  strain  gradient.  Strain  gradient  control  in  the  range  of 
lx10'5  urn  remains  a  challenge  for  single  step  deposition  that  is  ~2  pm  thick  due  to 
local  variations  in  single-layer  columnar  microstructures. 

4.5  Ramping  experiment 
4.5.1  Experimental  setup 

The  results  of  DOE1  show  that  the  initially  deposited  amorphous  region  has 
higher  compressive  stress  compared  to  the  crystalline  region,  resulting  in  a  positive  stress 
profile  within  the  film  thickness.  Also,  films  with  conical  microstructures  have  large 
strain  gradients  due  to  variations  in  grain  size.  Starting  the  deposition  at  high  temperature 
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and  high  Ge  content  can  enhance  initial  crystallization  and  the  amorphous  region  at  the 
oxide  surface  can  be  reduced. 

To  understand  how  the  germanium  content  and  temperature  variation  could  affect 
the  microstructure,  a  set  of  ramping  experiment  was  performed.  This  set  of  experiment 
consists  of  a  reference  recipe  (Ramp-ref),  a  SiH4  flow  ramp-up  recipe  (Ramp-Si H4)  and 
temperature  ramp-down  recipe  (Ramp-temp)  as  listed  in  Table  4.2.  The  SiH4-to-GeH4 
ratio  is  increased  or  the  process  temperature  is  decreased  during  the  deposition  in  this 
experiment.  All  recipes  have  constant  pressure,  GcH4  and  BCI3  flow  rates.  Higher  BCI3 
flow  rate  30  seem  was  used  to  improve  the  resistivity  unifonnity.  The  reference  recipe 
has  constant  temperature  at  430°C  and  constant  SiH4  flow  rate  at  140  seem.  The  SiH4 
flow  ramp-up  recipe  has  a  constant  temperature  at  430°C.  It  has  a  step  time  of  30  minutes 
and  the  SiH4  flow  rate  is  ramped  up  from  140  seem  by  +5  seem  at  each  step  until 
reaching  190  seem.  The  temperature  ramp-down  recipe  has  a  constant  SiH4  flow  rate  at 
140  seem.  It  has  a  step  time  of  30  minutes  and  the  temperature  is  ramp  down  from  430°C 
by  -5°C  at  each  step  till  380°C.  For  both  ramping  recipes,  the  vacuum  was  not  broken 
between  steps  to  ensure  continuous  grain  growth. 

The  process  conditions  of  all  three  depositions  are  shown  in  Figure  4.10-12.  As 
discussed  in  Chapter  2,  the  process  temperature  has  sinusoidal  fluctuations  at  constant  set 
point  and  this  phenomenon  can  be  seen  again  in  Figure  4.10  for  the  reference  recipe.  The 
process  pressure  and  the  gas  flow  rates  are  very  stable.  For  the  SiH4  flow  ramp-up 
deposition  shown  in  Figure  4.11,  the  SiH4  MFC  can  quickly  follow  the  input  value  and 
has  a  step  response.  The  temperature  ramp-down  deposition  has  the  process  temperature 
following  the  set  point  with  some  oscillation,  as  shown  in  Figure  4.12. 
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Reference  Run 


Figure  4.10  Process  conditions  of  the  reference  deposition  (Ramp-ref) 
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Figure  4.11  Process  conditions  of  the  S1H4  flow  ramp-up  deposition  (Ramp-SiH/O 
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Temperature  Ramp  Down 
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Figure  4.12  Process  conditions  of  the  temperature  ramp-down  deposition  (Ramp-temp) 


4.5.2  Results  and  interpretation 

The  data  of  the  ramping  experiments  are  listed  in  Table  4.2.  All  of  the  depositions 
targeted  film  thickness  of  2  pm.  The  deposition  rate  for  the  two  ramping  recipes  was 
underestimated  and  films  are  thicker  than  expected.  Comparing  to  DOE1,  resistivity 
uniformity  is  improved  with  high  BCT,/He  flow  rate.  Since  the  stress  and  strain  gradient 
vary  with  film  thickness,  wafers  with  2.3  pm  thick  film  from  these  three  runs  are  being 
compared  for  mechanical  properties.  The  reference  run  (Ramp-ref),  the  SiTL  flow  ramp- 
up  run  (Ramp-SiTk)  and  the  temperature  ramp-down  run  (Ramp-temp)  have  average 
residual  stress  of  -109  MPa,  -140  MPa  and  -183  MPa.  The  result  for  average  residual 
stress  is  as  expected.  Low  germanium  content  and  low  temperature  films  have  higher 
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compressive  stress.  Since  all  recipes  have  the  same  starting  layer,  the  larger  compressive 
stress  is  from  the  low  germanium  content  or  low  temperature  top  layers. 

The  strain  gradients  for  the  2.3  pm  thick  film  from  each  recipe  have  no  significant 
differences;  all  are  around  4.5><10'4  pm"1.  The  stress  profile  and  the  cross-sectional  TEM 
images  are  shown  in  Figure  4.13.  Considering  the  measurement  errors,  the  stress  profiles 
of  the  three  recipes  do  not  show  a  significant  difference.  Also,  the  microstructures  of  the 
three  recipes  have  similar  conical  texture. 

It  should  be  noted  that  the  last  few  layers  of  the  SiFE  flow  ramp-up  run  and  the 
temperature  ramp-down  run  would  give  amorphous  films  if  they  were  deposited  directly 
on  oxide.  Since  the  grain  growth  is  continuous,  the  low  Ge  content  or  low  temperature 
layers  follow  the  “footprint”  of  the  existing  polycrystalline  grain  structure  and  continue  to 
be  polycrystalline.  The  surface  roughness  of  the  temperature  ramp-down  recipe  is 
significantly  lower  than  the  reference  recipe  due  to  the  low  processing  temperature  later 
in  the  deposition. 
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4.5.3  Summary 

The  set  of  ramping  experiments  show  that  ramping  up  the  SfiH  flow  rate  or 
ramping  down  the  process  temperature  during  the  deposition  increases  the  average 
compressive  stress  in  the  film  and  does  not  improve  strain  gradient.  The  lower 
germanium  content  or  lower  temperature  deposition  slows  down  the  deposition  rate  and 
lateral  diffusion  rate  becomes  significant.  All  films  in  this  experiment  have  conical 
microstructures  with  high  strain  gradient.  The  temperature  ramp  down  recipe  is  desired 
for  reducing  thermal  budget  without  sacrificing  the  deposition  rate  or  resistivity,  but 
temperature  control  is  problematic  with  the  Tystar  furnace  at  low  deposition 
temperatures. 

4.6  2nd  design-of-experiments 
4.6.1  Experimental  setup 

The  1st  DOE  shows  that  recipes  utilizing  low  BCI3  flow  rate  tend  to  have  worse 
cross-wafer  unifonnity  in  resistivity  due  to  gas  depletion  effects.  Also,  at  low  deposition 
temperature  (410°C),  strain  gradient  decreases  with  resistivity.  The  BCI3  mass  flow 
controller  was  re-calibrated  from  20  seem  range  to  50  seem  range  after  DOE1.  Higher 
BCI3  gas  flow  rate  of  15  seem,  30  seem  and  45  seem  were  used  in  DOE2,  in  order  to  look 
into  improvement  in  resistivity  unifonnity  and  strain  gradient  with  higher  doping  levels. 

Variation  in  pressure  is  also  explored  in  DOE2.  Higher  process  pressure  enhances 
deposition  rate,  but  film  thickness  uniformity  will  be  sacrificed  if  the  deposition  is  so  fast 
that  it  is  no  longer  limited  by  the  surface  reaction  rate.  DOE1  used  600  mTorr  process 
pressure.  This  process  pressure  results  in  reasonable  deposition  rate  with  good  film 
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thickness  uniformity.  A  few  short  test  runs  (DOE2-tl  through  DOE2-t5  listed  in  Table 
4.2)  were  performed  to  understand  the  process  pressure  range  for  DOE2.  The  test  runs 
show  that  the  deposition  rate  increases  with  process  pressure,  but  films  deposited  at 
pressure  above  700  mTorr  are  very  rough  with  significant  color  variation  across  the 
wafer.  Gas  phase  nucleation  happened  in  these  cases.  With  high  process  pressure,  some 
nucleation  happens  before  the  gas  molecules  reach  the  wafer  surface  [4.14].  The  clusters 
formed  in  gas-phase  nucleation  coat  the  wafer  surface  later.  Diffusion  is  limited  on  the 
wafer  surface  for  these  clusters  and  the  film  on  the  wafer  is  porous  and  has  poor 
uniformity.  The  process  pressures  for  DOE2  were  chosen  as  350  mTorr  and  600  mTorr. 

The  six  depositions  of  the  2nd  DOE  with  BCf  flow  rate  and  process  pressure  as 
variables  are  listed  in  Table  4.2.  A  deposition  temperature  of  410°C  and  germanium 
content  of  ~60%  were  chosen  based  on  the  results  from  DOE1.  All  depositions  targeted 
film  thickness  of  2  pm.  Reducing  the  strain  gradient  is  the  main  goal  for  this  set  of 
experiments. 

4.6.2  Results  and  interpretation 

The  results  are  also  summarized  in  Table  4.2.  Higher  BCf  flow  rate  enhances  the 
deposition  rate.  Higher  BCf  flow  rate  also  reduces  the  gas  depletion  effects  and  improves 
the  cross  wafer  resistivity  uniformity.  Lower  process  pressure  decreases  the  deposition 
rate,  but  improves  the  cross  wafer  resistivity  uniformity. 

The  strain  gradient  for  the  films  deposited  at  600  mTorr  (DOE2-1,  DOE2-2, 
DOE2-3)  is  relatively  low,  which  is  consistent  with  the  results  from  DOE1.  Figure 
4.14(a)  plots  the  strain  gradient  against  the  resistivity  for  the  600  mTorr  runs.  For  recipe 
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D0E2-1  with  15  seem  of  BCI3  flow,  the  strain  gradient  decreases  with  resistivity  and  this 
follows  the  trend  from  Figure  4.8(a).  However,  strain  gradient  becomes  independent  of 
doping  after  resistivity  <  1  mO-cm.  Recipe  DOE2-2  gives  the  lowest  strain  gradient,  but 
there  is  a  significant  amount  of  variation. 

Films  deposited  at  350  mTorr  (DOE2-4,  DOE2-5,  DOE2-6)  have  relatively  high 
strain  gradient.  The  relationship  between  strain  gradient  and  resistivity  is  plotted  in 
Figure  4.14(b).  For  the  350  mTorr  depositions,  doping  does  not  help  reduce  the  strain 
gradient  as  much  as  for  the  600  mTorr  depositions.  Lower  pressure  gives  lower 
deposition  rate;  so  crystallinity  enhancement  by  boron  doping  is  less  significant. 
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Strain  Gradient  vs.  Resistivity  (~  2  gm) 
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Figure  4.14  Strain  gradient  vs.  resistivity  for  DOE2:  a)  600  mTorr  depositions  (DOE2-1, 
DOE2-2  and  DOE2-3);  b)  350  mTorr  depositions  (DOE2-4,  DOE2-5  and  DOE2-6) 
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As  discussed  before,  from  the  same  run,  there  is  film  thickness  variation  across 
the  load  due  to  the  gas  depletion  effect  with  wafers  closer  to  gas  inlet  having  a  thicker 
film.  Strain  gradient  vs.  film  thickness  are  plotted  in  Figure  4.15.  For  the  600  mTorr 
depositions,  strain  gradient  decreases  with  increasing  film  thickness,  but  the  slope  of  the 
trend  becomes  smaller  after  a  certain  thickness  for  recipes  DOE2-2  and  DOE2-3.  As 
discussed  in  the  1st  DOE,  films  with  strain  gradient  below  lxlO'4  pm’1  have  significant 
variation  across  the  wafer  due  to  local  variation  in  microstructure.  For  the  350  mTorr 
depositions,  strain  gradient  is  almost  independent  of  film  thickness. 
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Figure  4.15  Strain  gradient  vs.  film  thickness  for  D0E2:  a)  600  mTorr  depositions 
(DOE2-1,  DOE2-2  and  DOE2-3);  b)  350  mTorr  depositions  (DOE2-4,  DOE2-5  and 
DOE2-6) 
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Stress  profile  and  TEM  images  for  each  recipe  are  shown  in  Figure  4.16.  The  600 
mTorr  depositions  have  uniform  stress  profiles  along  the  film  thickness,  whereas  the  350 
mTorr  depositions  have  positive  stress  profiles,  corresponding  to  large  strain  gradients. 
Comparing  the  TEM  images  of  DOE2-1,  DOE2-2  and  DOE2-3,  there  are  no  significant 
differences  in  their  microstructures.  They  all  have  ~200  nm  amorphous  layers  at  the 
bottom.  In  each  film,  there  are  a  few  grains  with  very  low  defect  density  and  others  have 
twinning  defects.  Recipe  DOE2-2  has  the  lowest  strain  gradient  in  this  set  of  experiment 
and  its  microstructures  have  the  lowest  defect  densities.  Figure  4.15(a)  shows  that  strain 
gradient  decreases  with  film  thickness  for  the  600  mTorr  depositions.  The  amorphous 
portion  of  the  film  has  higher  compressive  stress  compared  to  the  columnar  portion  and 
this  contributes  to  a  positive  strain  gradient.  Thicker  films  consist  of  a  large  columnar 
portion;  so  the  effect  of  the  amorphous  portion  is  reduced. 

The  film  deposited  at  350  mTorr  (DOE2-5)  has  a  much  thinner  amorphous  region. 
Also,  the  low  pressure  film  has  a  conical  texture  with  twinning  defects  in  all  grains.  The 
slope  of  the  stress  is  roughly  constant  and  the  strain  gradient  does  not  have  a  strong 
dependence  on  film  thickness.  In  this  case,  the  strain  gradient  is  related  to  the  variation  in 
grain  size  in  the  film. 
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Figure  4.16  Stress  profiles  and  cross-sectional  TEM  images  for  DOE2 
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Test  run  DOE2-t4  has  similar  parameters  as  run  DOE2-2,  except  for  a  shorter 
deposition  time.  The  TEM  images  from  these  two  runs  are  put  together  for  comparison  in 
Figure  4.17.  Two  samples  from  different  boat  locations  are  being  studied  for  the  initial 
grain  growth  process  from  run  DOE2-t4  with  60  minutes  of  deposition  time.  Figure 
4.17(a)  is  a  sample  from  a  wafer  closer  to  the  gas  outlet  (slot  #15)  and  Figure  4.17(b)  is  a 
sample  from  a  wafer  closer  to  the  gas  inlet  (slot  #3).  The  wafer  at  the  gas  outlet  has  a 
thinner  film  and  there  is  still  some  amorphous  region  being  exposed  at  the  top  surface. 
The  wafer  closer  to  gas  inlet  has  a  thicker  film  and  the  top  surface  is  completely 
crystallized.  The  crystal  seeds  are  spaced  out  about  100  nm  apart.  The  crystals  grow 
vertically  and  expand  laterally.  Once  the  neighboring  crystals  meet,  the  amorphous 
region  is  covered  up.  Figure  4.17(c)  is  a  sample  from  DOE2-2  with  230  minutes  of 
deposition  time.  We  can  see  that  the  thickness  of  the  amorphous  region  for  DOE2-t4  and 
DOE2-2  is  about  the  same.  Longer  deposition  time  or  in-situ  annealing  at  the  deposition 
temperature  does  not  crystallize  the  amorphous  region. 
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Figure  4.17  TEM  images  for  recipe  410  °C,  600  mTorr,  140  seem  SiFE,  60  seem  GeFE 
and  35  seem  BCE:  a)  film  deposited  for  60  minutes  at  wafer  slot  #15;  b)  film  deposited 
for  60  minutes  at  wafer  slot  #3;  c)  film  deposited  for  230  minutes  at  wafer  slot  #9 

To  further  understand  the  formation  of  the  film  deposited  by  DOE2-2,  a  special 
TEM  sample  was  prepared  by  double -wedge  technique  for  top  view  imaging  at  various 
depths.  The  double-wedge  TEM  analysis  is  courtesy  of  Dr.  Erdmann  Spiecker  of  the 
National  Center  for  Electron  Microscopy  at  Lawrence  Berkeley  National  Laboratory. 
Depth  profile  quantification  is  still  being  studied.  Images  in  Figure  4.18  are  taken  at  the 
same  magnification  from  the  bottom  to  the  top  of  the  film.  More  pictures  are  taken  at  the 
lower  portion  (the  first  0.5  pm)  of  the  film  where  the  grain  evolution  occurs.  These 
images  clearly  show  the  grain  growth  process  during  the  deposition.  Near  the  sacrificial 
oxide  layer,  the  SiGe  film  has  a  transition  zone  from  amorphous  to  polycrystalline.  The 
sparse  crystalline  seeds  start  among  the  amorphous  region.  As  the  deposition  goes  along, 
the  seeding  density  and  crystal  size  increase.  Eventually,  the  film  becomes  fully 
crystalline  and  the  grains  reach  their  final  lateral  size  once  the  film  reaches  0.4  pm  in 
thickness. 
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Figure  4.18  Top  view  TEM  images  for  film  deposited  with  recipe  DOE2-2  at  various 
depths  (Courtesy  of  Dr.  Erdmann  Spiecker) 


4.6.3  Summary 

The  2nd  DOE  confirms  the  low  strain  gradient  result  from  the  1st  DOE.  The 
optimal  recipe  for  low  strain  gradient  film  is  found  to  be:  410  °C,  600  mTorr,  140  seem 
SiH/j,  60  seem  GeH4  and  35  seem  BCI3.  The  low  strain  gradient  film  consists  of  a  thin 
amorphous  region  at  the  oxide  interface  and  columnar  crystalline  microstructure  with 
very  few  defects.  The  films  consist  of  a  single  layer  microstructure  and  low  range  strain 
gradient  <  1  x  1 0  4  pm'1  is  very  sensitive  to  small  variation  in  microstructure.  The 
thickness  variation  of  the  amorphous  region  results  in  large  variation  in  strain  gradient. 


Increasing  the  overall  film  thickness  will  increase  the  polycrystalline  portion  of  the  film 
and  the  effect  of  the  bottom  amorphous  layer  will  be  minimized.  Also,  thicker  films  result 
in  beams  that  are  stiffer  for  out-of-plane  bending,  which  reduces  the  impact  of  the  strain 
gradient.  Multilayer  depositions  with  separate  Si2H6  nucleation  might  create  several 
layers  of  microstructures.  The  randomness  of  microstructure  could  be  averaged  out, 
resulting  in  better  strain  gradient  unifonnity.  The  thick  film  deposition  and  the  layer  stack 
experiments  will  be  discussed  in  the  following  sections. 

4.7  Thick  deposition 

Using  the  optimal  recipe  from  DOE2  with  a  longer  deposition  time,  thicker  films 
are  being  studied.  This  experiment  targets  film  thickness  of  4  pm,  whereas  all  previous 
experiments  targeted  film  thickness  of  2  pm.  The  results  of  the  thick  deposition 
(ThickDepo)  are  summarized  in  Table  4.2.  Figure  4.19  shows  a  SEM  image  of  a  released 
cantilever  beam  array.  The  strain  gradient  of  this  film  is  very  small  and  the  tip  deflection 
of  the  cantilever  beam  is  hardly  visible.  The  strain  gradient  vs.  thickness  for  the  thick 
deposition  is  plotted  together  with  results  from  DOE2  in  Figure  4.20.  As  expected,  the 
strain  gradient  and  its  uniformity  are  improved  as  the  film  thickness  increases.  The  strain 
gradient  reaches  the  range  of  lxlO'5  pm'1.  The  variations  across  the  load  and  across  the 
wafer  are  also  significantly  smaller. 
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Figure  4.19  SEM  image  of  released  cantilever  beam  array  for  Recipe  ThickDepo. 


Figure  4.20  Strain  gradient  vs.  film  thickness  plot 
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The  stress  profile  and  the  cross  sectional  TEM  image  for  the  thick  deposition  are 
shown  in  Figure  4.21.  The  stress  profile  through  the  film  thickness  is  relatively  uniform. 
The  film  consists  of  a  large  portion  of  columnar  microstructure  and  the  defect  density 
within  each  grain  is  very  low.  This  thick  film  has  similar  deposition  condition  as  DOE2- 
2,  except  for  slightly  higher  BCfi  flow  rate  and  longer  deposition  time.  Comparison  of  the 
stress  profile  and  the  microstructure  of  this  thick  film  with  DOE2-2  shown  in  Figure 
4.16(b)  can  be  made.  The  thicker  film  has  slightly  lower  (less  compressive)  stress, 
especially  for  the  stress  in  the  lower  portion  of  the  film.  Some  of  the  stress  might  be 
released  due  to  in-situ  annealing  during  the  long  deposition.  In  both  cases,  the  thickness 
of  the  amorphous  region  is  similar,  but  the  thicker  film  has  taller  columnar  grains.  Thus,  a 
larger  portion  of  the  thicker  film  consists  of  columnar  crystalline  structures. 


Figure  4.21  Stress  profile  and  cross  sectional  TEM  image  for  recipe  ThickDepo 
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4.  8  Multiple-layered  film  deposition 

Fine-grained  poly-Si  films  with  low  strain  gradient  have  been  demonstrated  to  be 
sufficiently  reproducible  for  high-volume  production  [4.4],  If  the  average  grain  size  in  a 
poly-SiGe  film  is  comparable  to  its  thickness,  there  can  be  considerable  variation  in 
mechanical  properties  from  beam  to  beam,  which  is  not  acceptable  for  high-volume 
manufacturing  processes.  The  average  grain  size  can  be  limited  by  depositing  the  film  in 
multiple  steps  to  create  a  layered  stack,  to  average  out  random  variations  in  grain 
microstructure  and  modify  the  stress-vs.  -depth  profile. 

As  a  proof-of-concept  experiment,  Recipe  LayerStack  in  Table  4.2  consists  of 
four  85-minute  depositions  of  Recipe  DOE2-5.  To  ensure  grain  growth  interruption  from 
layer  to  layer,  the  vacuum  was  broken  in-between  the  depositions  by  opening  the  furnace 
door.  The  disadvantage  of  this  approach  is  that  the  temperature  has  to  re-stabilize  and 
temperature  overshoot  occurs  during  the  stabilization.  As  a  result,  more  processing  time 
is  required  and  hence  the  thennal  budget  is  larger.  With  a  more  sophisticated  LPCVD 
reactor,  it  should  be  possible  to  simply  flow  02  in-between  depositions  to  avoid  the  need 
to  open  the  door,  so  that  the  furnace  temperature  can  remain  stable  throughout  the  film 
deposition  process  and  therefore  process  throughput  would  not  be  affected  significantly. 

The  stress  distribution  within  the  layered  film  and  the  cross  sectional  TEM  image 
are  shown  in  Figure  4.22.  The  stress  profile  of  the  layered  film  also  consists  of  four 
regions,  each  very  similar  to  the  stress  profile  for  the  bottom  quarter  of  the  film  shown  in 
Figure  4.16(e)  for  recipe  DOE2-5.  Every  layer  within  the  film  is  very  similar  to  the 
bottom  quarter  of  the  film  shown  in  Figure  4.16(e).  Overall,  the  stress  distribution  with 
the  multiple-layered  film  is  more  uniform  as  compared  to  a  single-layered  film,  so  that 
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the  absolute  value  of  the  strain  gradient  is  smaller.  Due  to  unintentional  heating  during 
temperature  stabilization,  the  earlier  deposited  layers  were  annealed  so  that  their 
amorphous  regions  are  partially  crystallized,  resulting  in  a  downward  curvature  (negative 
strain  gradient)  of  the  released  cantilever  beam.  This  fine-grained  layered-stack  film  ends 
up  with  a  strain  gradient  of  -1.2  x  1 0‘4  pm'1.  Finer  grains  and  more  uniform  stress 
distribution  can  be  achieved  with  more  layers.  To  avoid  having  a  negative  strain  gradient, 
a  fully  crystallized  film  should  be  used  because  of  its  better  thennal  stability. 


TEM  image  for  Recipe  LayerStack 
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Figure  4.22  Stress  profile  and  cross  sectional 


4.9  Seeding  layer  experiments 

Previous  TEM  images  show  that  the  SiGe  film  starts  out  amorphous  at  the  oxide 
interface  for  deposition  temperature  lower  than  440  °C  with  SEFb  seeding.  For  low  strain 
gradient  film,  the  thickness  variation  of  this  amorphous  region  causes  a  uniformity 
problem.  This  section  discusses  methods  to  minimize  the  amorphous  region  and  its 
effects  on  strain  gradient. 
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In  the  interest  of  lowering  the  thermal  budget,  a  410°C  deposition  temperature  is 
being  studied  here.  All  of  the  previous  experiments  show  that  films  deposited  at  410°C 
have  an  amorphous  starting  layer,  but  eventually  crystallize.  In  the  earliest  stage  of  film 
formation,  the  nuclei  are  spaced  far  apart.  Before  they  can  diffuse  on  the  surface  to  find 
low  energy  crystal  lattice  sites,  they  are  pinned  to  the  substrate  by  subsequently  absorbed 
atoms  (adatoms).  Eventually,  these  adatoms  form  clusters  serving  as  crystal  seeds  and 
subsequently  adatoms  can  attach  to  crystal  seeds,  resulting  in  their  growth.  To  initialize 
the  crystallization  earlier  in  the  deposition,  a  lower  deposition-rate  seeding  layer  could  be 
used. 

A  quick  test  on  this  crystallization  hypothesis  was  done  with  a  low  gas  flow  rate 
and  low  pressure  at  410°C  (SiGeSeed-tl  listed  in  Table  4.2).  In  this  recipe,  low  pressure 
and  low  SiTfi  and  GeTfl  flow  rates  are  used  to  reduce  the  deposition  rate.  BCfi  flow  rate 
stays  high  to  enhance  crystallization.  At  low  deposition  rates,  gas  molecules  have  more 
time  to  settle  down  at  low  energy  crystal  lattice  sites  on  the  wafer  surface  before  the  next 
gas  molecules  are  adsorbed.  The  cross  sectional  TEM  image  is  shown  in  Figure  4.23. 
Fully  crystallized  films  are  achieved  at  the  oxide  interface  at  410°C  with  ~60% 
germanium  content. 
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Figure  4.23  Cross  sectional  TEM  image  for  film  deposited  with  recipe  SiGeSeed-tl 


The  above  recipe  (SiGeSeed-tl)  is  used  as  the  seeding  layer  for  deposition 
SiGeSeed-1  (listed  in  Table  4.2).  After  the  thin  crystallized  seeding  layer  deposition,  the 
most  optimal  recipe  from  DOE2  was  used  for  the  main  deposition.  The  vacuum  was  not 
broken  between  the  seeding  layer  and  the  main  deposition.  The  process  pressure  and  gas 
flow  rates  are  ramped  up  immediately  in  the  process  recipe.  This  recipe  was  intended  to 
grow  a  columnar  microstructure  without  an  amorphous  region  at  the  oxide  interface. 

The  stress  profile  and  cross  sectional  TEM  image  of  recipe  SiGeSeed-1  is  shown 
in  Figure  4.24.  The  film  is  indeed  fully  crystallized,  but  the  texture  is  conical  rather  than 
columnar.  The  initial  low  pressure  and  low  gas  flow  rates  seeding  recipe  enhances 
crystalline  seeding  due  to  the  resultant  low  deposition  rate  and  high  boron  concentration. 
Fine  crystal  grains  formed  during  the  initial  stage  of  film  deposition  compete  for  lateral 
growth,  resulting  in  a  conical  grain  structure  and  high  strain  gradient.  Since  there  is 
variation  in  grain  size  through  the  film  thickness,  there  is  also  variation  in  the  stress 
distribution.  At  the  bottom  of  the  film  where  the  randomly  oriented  grains  compete  to 
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grow,  higher  compressive  stress  is  developed.  This  film  has  high  strain  gradient.  During 
the  grain  growth,  grains  oriented  with  the  fastest  growing  plane  survive  and  the  film 
consists  of  conical  structures. 


Figure  4.24  Stress  profile  and  cross  sectional  TEM  image  for  recipe  SiGeSeed-1 

The  above  experiment  shows  that  fine  grain  seeding  results  in  conical 
microstructures  with  high  strain  gradient.  In  order  to  achieve  film  with  low  strain  gradient 
and  good  uniformity,  the  amorphous  region  should  be  suppressed  while  keeping  a 
columnar  texture.  The  2nd  DOE  shows  that  films  deposited  at  350  mTorr  have  thinner  and 
more  uniform  amorphous  regions,  with  sparse  crystal  seeding.  The  next  seeding 
experiment  SiGeSeed-2  combines  recipes  DOE2-5  and  DOE2-2.  Recipe  DOE2-5  was 
used  for  the  initial  20  minute  seeding  and  recipe  DOE2-2  was  used  for  the  main 
deposition.  The  process  pressure  jumps  from  350  mTorr  to  600  mTorr  after  the  seeding 
layer  without  breaking  vacuum.  This  recipe  was  designed  to  deposit  a  film  with  a  very 
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thin  amorphous  region  and  columnar  crystal  structures.  The  deposition  time  targeted  2 
pm  film  thickness. 

The  results  of  the  SiGeSeed-2  deposition  are  listed  in  Table  4.2.  The  stress  profile 
and  the  cross  sectional  TEM  image  are  shown  in  Figure  4.25.  As  expected,  this  film  has 
auniform  stress  distribution.  The  texture  is  columnar,  with  an  initial  amorphous  region  of 
about  0. 1  pm  in  thickness.  The  defect  density  within  each  grain  is  low. 


Local  Stress  (MPa) 

Figure  4.25  Stress  profile  and  cross  sectional  TEM  image  for  recipe  SiGeSeed-2 


Columnar  microstructure  is  a  characteristic  feature  for  films  with  low  strain 
gradient.  The  film  deposited  by  recipe  SiGeSeed-2  has  a  low  strain  gradient  and  the  strain 
gradient  uniformity  is  significantly  better  than  other  film  with  similar  thicknesses  as 
shown  in  Figure  4.26.  Comparing  the  TEM  images  for  SiGeSeed-2  with  those  of  recipes 
DOE2-1,  DOE2-2  and  DOE2-3  in  Figure  4.16,  the  main  difference  is  in  the  amorphous 
region.  Films  deposited  by  recipe  SiGeSeed-2  have  thinner  and  more  uniform  amorphous 
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regions.  For  the  recipes  in  DOE2,  the  variations  in  amorphous  region  results  in  large 
variations  in  strain  gradient. 


Figure  4.26  Strain  gradient  vs.  film  thickness  for  various  recipes 


4.10  Structure  properties  study 

The  previous  sections  provided  a  large  amount  of  information  on  deposition 
conditions,  microstructures  and  the  resulting  strain  gradient  in  the  film.  This  section 
reviews  all  the  experiments  and  presents  the  correlation  between  the  strain  gradient  and 
film  microstructure  as  well  as  the  effects  of  film  deposition  conditions  on  film 
microstructure  [4.15]. 


133 


4.10.1  Strain  gradient  and  film  microstructure 


Grains  within  boron-doped  poly-SiGe  films  generally  have  vertical  orientation, 
with  either  conical  or  columnar  shape.  Films  with  low  strain  gradient  are  highlighted  in 
light  yellow  in  Table  4.2.  A  few  TEM  images  are  presented  again  in  Figure  4.27  and 
Figure  4.28  for  comparison.  Films  with  a  strain  gradient  larger  than  4.5X10‘4  pm"1 
generally  have  conical  grain  structure  with  many  twins  and  other  defects  (Figure  4.27);  in 
contrast,  films  with  positive  strain  gradient  less  than  lx  10""'’  pm’1  (Figure  4.28)  generally 
have  columnar  grain  structures  with  few  defects  within  a  single  grain. 


Figure  4.27  X-TEM  images  of  as-deposited  poly-SiGe  films  with  strain  gradient 
>4.5xl0"4  pm"1,  deposited  with:  a)  Recipe  Ramp-ref;  b)  Recipe  DOE2-5;  c)  Recipe 
SiGeSeed-1.  (ref.  Table  4.2.) 
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Figure  4.28  X-TEM  images  of  as-deposited  poly-SiGe  films  with  positive  strain  gradient 
<lxlCr5  pm'1,  deposited  with:  a)  Recipe  DOE2-2;  b)  Recipe  Thick-depo;  c)  Recipe 
SiGeSeed-2.  (ref.  Table  4.2) 


The  strain  gradient,  which  can  also  be  interpreted  as  the  stress-vs. -depth 
distribution,  is  strongly  correlated  with  the  film  microstructure  [4.16].  Films  that  have  a 
large  strain  gradient  usually  start  out  with  fine  grains  during  the  initial  stage  of 
deposition.  As  the  deposition  proceeds,  these  fine  grains  grow  vertically  and  compete 
with  each  other  for  lateral  growth.  Defects  are  formed  during  the  competition,  and  the 
surviving  grains  develop  into  conical  structures.  As  a  result,  the  compressive  stress  is 
larger  in  the  lower  portion  of  the  deposited  film  as  compared  to  the  upper  portion,  as 
shown  in  Figure  4.29(a).  This  positive  stress  gradient  causes  the  film  to  bend  upward 
upon  release. 

Films  that  have  a  low  strain  gradient  start  out  as  an  amorphous  layer  with  sparse 
crystalline  seeds.  This  structure  results  in  large  grain  size  because  of  the  large  spacing 
between  the  seeds  (>100  mn  spacing),  which  reduces  lateral  grain  growth  competition 
and  hence  results  in  fewer  defects  within  the  grains.  To  achieve  the  lowest  strain  gradient, 
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the  spacing  between  seeds  should  match  the  final  lateral  grain  size,  in  the  range  of  100 
nm  to  200  nm.  In  such  a  case,  the  residual  stress  remains  approximately  uniform 
throughout  the  film  thickness,  as  shown  in  Figure  4.29(b).  The  thin  amorphous  layer  at 
the  bottom  of  the  film  has  slightly  higher  compressive  stress  than  the  crystalline  upper 
portion  of  the  film,  which  results  in  a  small  positive  strain  gradient.  The  stress  of  the  thin 
amorphous  region  is  difficult  to  measure  accurately  for  the  stress-vs.  -depth  profile  due  to 
the  cumulative  effect  of  etching  non-uniformity,  which  leads  to  a  significant  uncertainty 
in  the  residual  thickness  as  it  is  thinned  down  to  the  amorphous  region. 


Figure  4.29  Stress-vs.  -depth  profiles:  a)  film  with  large  strain  gradient,  shown  in  Figure 
2.27(b);  b)  film  with  small  strain  gradient,  shown  in  Figure  4.28(b) 


To  further  understand  grain  growth  competition,  the  grain  orientations  for  all 
samples  shown  in  Figure  4.27  and  4.28  were  analyzed  with  conventional  XRD.  The 
measurement  gives  an  average  of  crystal  orientation  of  the  entire  film  thickness.  Data  are 
shown  in  Figure  4.30.  Since  the  XRD  equipment  is  not  dedicated  to  thin  film 
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measurement,  the  silicon  substrate  gives  a  strong  <400>  signal  at  69°.  It  should  be  noted 
that  the  absence  of  dual  peaks  indicates  that  the  SiGe  alloy  is  homogeneous. 

2200 
2000 
1800 
1600 

"5"  1400 

«j 

>  1200 
'I  1000 

c  800 
600 
400 
200 
0 

25  30  35  40  45  50  55  60  65  70  75  80  85  90  95  100 

2  theta  degrees 

Figure  4.30  XRD  data  for  films  shown  in  Figure  4.27  and  Figure  4.28 
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The  big  picture  is  that  samples  with  large  stress  gradient  have  strong  <220> 
orientation  and  samples  with  small  stress  gradient  have  less  preference  in  grain 
orientations.  Since  the  oxide  substrate  is  amorphous,  grains  should  start  with  random 
orientations.  For  the  low  strain  gradient  films  without  much  grain  growth  competition, 
the  final  grain  orientation  is  also  random.  For  high  strain  gradient  films  with  grain  growth 
competition,  orientation  <220>  is  favored. 

There  is  also  a  correlation  between  the  pronounced  <220>  texture  and  grains  with 
high  density  twinning  defects  in  the  high  strain  gradient  films.  The  <220>  direction  is  the 
only  crystal  direction  which  contain  two  {111}  planes  that  are  the  twin-planes.  In  a 
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<220>-oriented  grain  there  are  two  different  potential  twin  planes  parallel  to  the  growth 
direction.  This  means  that  twins  once  formed  stay  in  the  grain:  i.e.  they  extend  in  the 
newly  formed  part  of  the  grain  during  growth.  Also  multiple  twinning  can  take  place. 

4.10.2  Film  Microstructure  and  Deposition  Conditions 

The  film  microstructure  is  determined  by  its  deposition  conditions.  The  effects  of 
deposition  temperature,  deposition  pressure,  boron  doping  level,  film  thickness,  seeding 
layer,  and  multiple-layered  deposition  are  summarized  in  this  section. 

Deposition  Temperature.  Comparing  the  films  shown  in  Figure  4.27(a)  (Recipe 
Ramp-ref)  and  Figure  4.28(a)  (Recipe  DOE2-2),  the  only  difference  in  processing 
condition  is  the  deposition  temperature.  A  higher  deposition  temperature  results  in  a 
thinner  amorphous  region  at  the  oxide  interface  and  finer  initial  grains.  Although  the 
volume  of  the  highly  compressive  amorphous  region  is  suppressed,  grain-size  evolution 
during  deposition  is  a  more  significant  factor,  resulting  in  a  larger  strain  gradient. 

Deposition  Pressure.  Deposition  pressure  is  the  only  variable  for  the  films  shown 
in  Figure  4.27(b)  (Recipe  DOE2-5)  and  Figure  4.28(a)  (Recipe  DOE2-2).  In  both  cases, 
the  films  start  out  as  an  amorphous  layer  with  sparse  crystalline  seeds.  Since  the 
deposition  rate  decreases  as  the  process  pressure  goes  down,  adatoms  have  a  better 
chance  to  form  clusters  and  crystal  seeds  at  low  pressure.  As  a  result,  crystal  seeds  form 
earlier.  For  a  fixed  deposition  temperature,  a  lower  deposition  rate  also  results  in  more 
lateral  diffusion  for  the  adatoms  and  hence  more  lateral  grain  growth.  Thus,  the  grains  are 
more  conical  in  shape;  thus  films  deposited  at  lower  pressure  have  larger  strain  gradient. 
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Boron  Doping  Level.  Experiments  in  DOE1  indicated  that  boron  doping  enhances 
crystallinity  for  films  deposited  near  to  the  amorphous-to-crystalline  transition 
temperature,  i.e.  if  the  initial  amorphous  region  is  minimal,  the  strain  gradient  can  be 
reduced  by  increasing  the  boron  doping  concentration.  Higher  doping  levels  are  explored 
in  DOE2.  Figure  4.31  shows  the  relationship  between  strain  gradient  and  resistivity.  X- 
TEM  images  are  also  shown  for  selected  cases.  The  thickness  of  the  amorphous  region  at 
the  lower  oxide  interface  remains  approximately  constant  as  the  boron  doping  level 
exceeds  a  certain  threshold,  beyond  which  the  strain  gradient  in  the  film  is  determined  by 
other  factors,  such  as  grain  size  and  defect  density. 

Film  Thickness.  The  films  shown  in  Figure  4.28(a)  (Recipe  DOE2-2)  and  Figure 
4.28(b)  (Recipe  ThickDepo)  have  significantly  different  thicknesses.  Since  the  boron 
concentration  is  not  a  significant  factor  at  high  doping  levels,  deposition  time  is  the  main 
difference  between  these  two  films.  In  both  cases,  the  thickness  of  the  amorphous  region 
is  similar,  but  the  thicker  film  has  taller  columnar  grains.  Thus,  a  larger  portion  of  the 
thicker  film  consists  of  columnar  crystalline  structures. 


139 


Strain  Gradient  vs.  Resistivity  (410  °C,  ~  2  pm) 
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Figure  4.31  Relationship  between  strain  gradient  and  resistivity,  and  film  microstructure 


for  films  deposited  near  to  the  amorphous-to-polycrystalline  transition  temperature. 


Seeding  Layer.  The  films  shown  in  Figure  4.27(c)  (Recipe  SiGeSeed-1),  Figure 
4.28(a)  (Recipe  DOE2-2)  and  Figure  4.28(c)  (Recipe  SiGeSeed-2)  were  deposited  using 
similar  main  deposition  conditions  but  different  seeding  layers.  It  should  be  noted  that 
vacuum  was  not  broken  between  the  seeding  and  the  main  deposition  steps,  so  that  grain 
growth  was  not  interrupted. 
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The  low  pressure  and  low  gas  flow  rates  used  for  SiGe  seed-layer  deposition  in 
Recipe  SiGeSeed-1  enhance  crystal  seeding  due  to  the  resultant  low  deposition  rate  and 
high  boron  concentration.  Fine  crystal  grains  fonned  during  the  initial  stage  of  film 
deposition  compete  for  lateral  growth,  resulting  in  a  conical  grain  structure  and  high 
strain  gradient  as  shown  in  Figure  4.27(c). 

As  discussed  above,  lower  deposition  pressure  enhances  initial  crystal  seeding  as 
well  as  lateral  grain  growth.  Recipe  SiGeSeed-2  combines  a  low  pressure  deposited  SiGe 
seed  layer  with  a  high  pressure  deposited  main  layer.  The  resulting  film  (Figure  4.28(c)) 
has  a  thinner  amorphous  layer  (compared  to  the  film  shown  in  Figure  4.28(a)  and 
columnar  grains. 

Multiple-layered  film  deposition.  Section  4.8  described  the  generation  of  fine¬ 
grained  poly-SiGe  by  multiple  layer  deposition.  Grain  growth  can  be  interrupted  by 
breaking  the  vacuum  between  depositions.  The  grain  size  and  the  stress  distribution  can 
be  controlled  by  the  number  of  deposition  steps.  Since  the  partially  amorphous  layer 
generated  by  Recipe  DOE2-5  was  use  for  each  of  the  depositions,  the  final  film  ended  up 
with  a  negative  strain  gradient  due  to  in-situ  annealing  of  the  earlier  deposited  amorphous 
regions.  A  fully  crystallized  film  such  as  the  one  generated  by  recipe  SiGeSeed-1  has 
better  thennal  stability  and  therefore  it  should  be  used  for  each  layer  deposition  to  avoid 
having  a  negative  strain  gradient  for  the  multiple-layered  film  deposition. 

4.10.3  Uniformity 

Since  a  LPCVD  system  is  a  batch  reactor,  cross-wafer  and  cross-load  uniformities 
are  important  manufacturing  considerations.  The  film  thickness,  resistivity,  and  average 
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residual  stress  are  fairly  uniform  for  all  of  the  deposition  recipes  studied  in  this  work.  The 
strain  gradient,  however,  is  very  sensitive  to  deposition  process  variations.  Achieving  low 
strain  gradient  with  good  unifonnity  is  a  major  challenge  for  high  volume  manufacturing 
of  poly-SiGe  inertial  sensors.  Within  the  limitations  of  a  horizontal  LPCVD  system  in  an 
academic  laboratory,  we  are  able  to  study  the  sensitivity  of  strain  gradient  to  deposition 
process  variations. 

Figure  4.32  presents  the  stress-gradient  variation  data  for  all  deposition  runs 
yielding  films  with  absolute  strain  gradient  <  I  x  1  O'4  pm'1.  For  each  run,  the  strain 
gradient  data  was  collected  from  four  wafers  across  the  load,  and  five  locations  on  each 
wafer.  For  each  location  on  a  wafer,  more  than  ten  measurements  of  cantilever  beam  tip 
deflection  were  used  to  detennine  the  strain  gradient.  The  variation  represents  the  range 
of  these  measurements  for  the  same  location. 

At  first  glance,  it  would  seem  that  larger  variation  is  seen  for  negative  strain 
gradient  as  compared  with  positive  strain  gradient.  However,  this  is  due  to  limitations  in 
measurement  accuracy  rather  than  process  unifonnity  issues,  because  there  is  not  much 
room  for  the  cantilever  beams  to  bend  downward  so  that  only  the  very  short  beams  could 
be  measured.  Also,  tip  deflection  is  difficult  to  measure  for  a  curled-down  beam. 

Films  with  low  strain  gradient  always  have  a  thin  amorphous  region  and  large 
columnar  grains.  The  amorphous  region  contributes  a  small  positive  strain  gradient  due  to 
its  higher  compressive  stress  as  compared  to  the  crystalline  region  of  the  film.  Although 
the  amorphous  region  is  necessary  to  ensure  proper  crystal  seeding  to  form  columnar 
grains,  variations  in  the  thickness  of  this  region  result  in  variations  in  strain  gradient. 
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Strain  Gradient  Uniformity 
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Figure  4.32  Variation  in  strain  gradient  vs.  the  average  strain  gradient. 


A  simple  approach  to  minimize  the  effect  of  the  lower  amorphous  region  is  to 
grow  a  thicker  columnar  crystalline  layer.  As  shown  in  Figure  4.32,  Recipe  ThickDepo 
yields  the  best  results  for  strain  gradient  and  uniformity,  due  to  its  large  film  thickness. 
The  average  film  thickness  is  3.8  pm  for  Recipe  ThickDepo  whereas  it  is  approximately 
2  pm  for  the  other  recipes.  Among  the  2  pm  deposition  recipes,  Recipe  SiGeSeed-2 
achieves  the  best  strain  gradient  and  uniformity.  In  this  case,  the  additional  low  pressure 
deposited  SiGe  seed  layer  makes  the  initial  amorphous  layer  thinner  and  more  uniform, 
which  significantly  improves  the  uniformity  of  the  strain  gradient.  Increasing  the  volume 
ratio  of  the  crystalline  region  to  the  amorphous  region  is  the  key  for  improving  stress- 
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gradient  uniformity  for  single-layered  columnar  films.  The  combined  use  of  the  low 
pressure  SiGe  seed  layer  and  a  long  deposition  time  should  further  improve  the  results. 

Recipe  LayerStack,  the  multiple-layer  deposition  process,  was  intended  to  yield  a 
film  with  lower  and  more  uniform  strain  gradient.  Indeed,  the  strain  gradient  is  improved 
as  compared  to  Recipe  DOE2-5.  Unfortunately,  the  negative  curvature  results  in  a  large 
measurement  error,  so  that  it  is  not  possible  to  confirm  that  uniformity  is  improved. 

4,11  Summary 

The  deposition  of  in  -situ  -  b  o  ro  n  -doped  poly-SiGe  films  has  been  investigated  with 
the  design-of-experiments  technique.  At  a  CMOS  compatible  deposition  temperature  of 
410°C,  films  with  low  resistivity  and  low  wet-etch  rate  in  heated  H2O2  solution  can  be 
achieved  with  a  reasonable  deposition  rate.  The  films  with  60%  germanium  content 
generally  have  compressive  residual  stress  so  that  careful  design  is  required  to  prevent 
buckling  of  released  clamped-clamped  beams. 

Strain  gradients  in  LPCVD  poly-SiGe  films  have  been  studied  extensively  using 
cantilever-beam  tip  deflection  measurements,  stress-vs. -depth  profiling,  and 
microstructure  analysis  using  cross-sectional  TEM.  Films  with  strain  gradients  meeting 
the  specification  of  1><10~5  pm"1  for  inertial  sensor  applications  always  have  a  thin 
initially  deposited  amorphous  layer  and  thick  columnar  grains.  The  uniformity  of  strain 
gradient  across  a  wafer  and  across  a  wafer  load  can  be  improved  with  a  thinner 
amorphous  region  and  thicker  crystalline  region.  Alternately,  unifonnity  can  also  be 
improved  with  a  multiple-layered  deposition  process. 
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In  our  academic  research  laboratory,  the  as-deposited  poly-SiGe  films  can  achieve 
strain  gradient  below  7X10'5  pm"1  across  a  load  of  twenty-five  150mm-diameter  wafers, 
with  less  than  1.6><1 0”5  pm"1  variation  within  a  single  wafer  for  certain  slots  within  the 
load  and  a  best  case  of  only  l.lxlO"6  pm"1.  This  result  is  for  ~3.8  pm- thick  films 
deposited  at  410°C  for  8  hours,  which  meets  the  thermal  process  budget  constraint 
imposed  by  CMOS  electronics  [4.17].  With  tighter  process  control  within  a  production 
environment,  the  strain  gradient  and  its  uniformity  can  be  further  improved. 
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Chapter  5:  Post-Deposition  Processing  of  Poly-SiGe  Films 


Various  post-deposition  processes  have  been  studied  to  look  into  the  effects  of 
post-processing  on  mechanical  properties  of  poly-SiGe  structural  films  and  the 
performance  of  the  underlying  CMOS  electronics.  The  goal  of  post  processing  is  to 
improve  the  poly-SiGe  film  structural  properties  while  keeping  a  low  thermal  budget  for 
the  CMOS  electronics.  Annealing  is  widely  used  in  poly-Si  and  poly-SiGe  structural 
films  to  lower  the  resistivity,  stress,  strain  gradient  and  improve  quality  factor  [5.1]  - 
[5.4].  The  changes  in  structural  properties  of  poly-SiGe  have  been  studied  with  a  large 
variety  of  annealing  methods,  including  furnace  annealing,  rapid  thennal  annealing,  flash 
lamp  annealing  and  excimer  laser  annealing.  This  chapter  also  discusses  ion  implantation 
as  an  alternative  for  modifying  the  mechanical  properties  of  the  poly-SiGe  film  without 
increasing  the  thermal  budget.  Finally,  the  results  of  an  investigation  into  the  CMOS 
thennal  budget  allowance  will  be  presented. 

5.1  Furnace  annealing 

As  discussed  in  Chapter  4,  LPCVD  poly-SiGe  films  with  low  strain  gradient 
always  have  a  thin  amorphous  region  at  the  lower  oxide  interface.  Post-deposition 
annealing  in  a  nitrogen  ambient  can  be  used  to  crystallize  this  amorphous  region.  An 
atmospheric  pressure  furnace  was  used  to  anneal  a  few  unpattemed  wafers  from 
deposition  ThickDepo  (ref.  Table  4.2).  The  nitrogen  flow  rate  was  set  to  3000  seem 
during  the  annealing  to  prevent  oxidation.  Annealing  temperature  and  time  are  the 
variables  in  the  recipe.  In  the  annealing  furnace,  the  temperature  has  to  stabilize  before 
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loading  the  wafers.  It  takes  about  5  minutes  to  reach  temperature  set  point  again  after 
loading.  Once  the  annealing  is  done,  the  process  temperature  ramps  down  immediately 
and  the  furnace  door  opens.  A  minimum  annealing  time  of  30  minutes  was  used  to 
minimize  the  error  in  thennal  budgets. 

Various  annealing  times  and  temperatures  were  explored  for  this  film,  as  listed  in 
Table  5.1.  In  all  cases,  the  annealing  temperature  was  higher  than  the  deposition 
temperature  (410°C).  We  can  see  that  there  is  no  significant  change  in  resistivity,  but  the 
average  residual  stress  is  reduced  and  the  strain  gradient  becomes  more  negative. 
Annealing  at  600°C  is  not  compatible  with  advanced  CMOS  devices  [5.5],  but  this  high- 
temperature  annealing  magnifies  the  result  for  this  study.  The  strain  gradient  of  the  as- 
deposited  film  is  on  the  order  of  lxlO'5  pm"1.  Recipes  FA-b  and  FA-c  result  in  negative 
curvature  of  the  released  cantilever  beams. 


TABLE  5.1  Summary  of  post-deposition  furnace  annealing  (FA). 


Recipe 

Temp.  (°C) 

Time  (min.) 

Resistivity  (mtl-cm) 

Stress  (MPa) 

Strain  Gradient  (pm'1 ) 

As-deposited 

NA 

NA 

0.6 

-150 

4.7  x  10'5 

FA-a 

430 

30 

0.6 

-147 

2.7  x  10'5 

FA-b 

430 

180 

0.6 

-144 

-1.52  x  10'4 

FA-c 

600 

30 

0.6 

-115 

-4.4  x  10'4 

The  stress  profile  and  cross-sectional  TEM  analyses  of  the  as-deposited  and 
annealed  films  are  shown  in  Figure  5.1-4.  Crystallization  of  the  lower  amorphous  portion 
can  be  clearly  seen  for  the  600°C-annealed  film  (Figure  5.4)  as  compared  to  the  as- 
deposited  film  (Figure  5.1).  In  contrast,  a  change  in  the  film  microstructure  is  not  readily 
apparent  for  the  430°C-annealed  films.  In  all  cases,  no  apparent  changes  are  observed  for 
the  upper  crystalline  portion  of  the  film. 
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Comparing  the  stress  profile  in  Figure  5.4  against  the  one  in  Figure  5.1,  the  stress 
distribution  within  the  upper  crystalline  portion  remains  the  same,  whereas  the  stress 
within  the  lower  portion  changes  dramatically  from  compressive  to  tensile  after  the 
600°C  annealing,  resulting  in  the  large  negative  shift  in  the  strain  gradient.  This  is 
consistent  with  the  cross-sectional  TEM  analyses  of  the  film  microstructure.  The 
amorphous  region  of  the  as-deposited  film  is  not  densely  packed.  Upon  high-temperature 
annealing,  voids  and  defects  are  removed,  resulting  in  tensile  stress  in  this  region.  The 
crystallization  of  the  amorphous  region  makes  the  average  stress  less  compressive  and 
changes  the  strain  gradient  towards  the  negative  direction.  The  resistivity  of  the  film  does 
not  change  significantly.  The  boron  concentration  in  the  film  is  about  1  x  1021  cm'3. 
Probably  there  is  no  additional  dopant  activated  by  the  annealing.  Also  the  amorphous 
region  in  the  as-deposited  film  is  relatively  thin  compared  to  the  film  thickness  and  it 
does  not  reduce  the  overall  resistivity  significantly  after  crystallization. 

The  stress  distribution  does  not  show  a  significant  change  after  30  minutes  of 
annealing  at  430°C  (FA-a)  compared  to  the  as-deposited  film,  consistent  with  the  cross- 
sectional  TEM  analyses  of  the  film  microstructure.  The  reduced  variability  in  the  stress 
distribution  as  compared  to  that  of  the  unannealed  film  can  be  attributed  to  differences  in 
measurement  accuracy  and  position  of  the  wafer  within  the  furnace.  Although  not  clearly 
visible,  a  small  part  of  amorphous  region  got  crystallized  by  the  low  temperature 
annealing,  and  this  contributes  to  a  small  change  in  strain  gradient.  With  longer  annealing 
time,  the  change  is  more  significant. 
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Figure  5.1  Stress  profile  and  cross-sectional  TEM  image  for  the  as-deposited  film  (film 
deposited  by  Recipe  ThickDepo) 
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Figure  5.2  Stress  profile  and  cross-sectional  TEM  image  for  FA-a  (film  deposited  by 
Recipe  ThickDepo) 
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Figure  5.3  Cross-sectional  TEM  image  for  FA-b  (film  deposited  by  Recipe  ThickDepo) 
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Figure  5.4  Stress  profile  and  cross-sectional  TEM  image  for  FA-c  (film  deposited  by 
Recipe  ThickDepo) 


Furnace  annealing  at  elevated  temperature  (higher  than  the  deposition 
temperature)  causes  the  amorphous  layer  to  crystallize  and  thereby  changes  the  strain 
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gradient  in  the  negative  direction.  Thus,  caution  is  advised  when  post-processing  poly- 
SiGe  films  at  temperatures  higher  than  the  deposition  temperature  for  a  long  period  of 
time. 

5.2  Rapid  thermal  annealing 

The  rapid  thermal  annealing  (RTA)  tool  is  a  single  wafer  system  using  lamp 
illumination  for  rapidly  heating  the  wafer.  The  temperature  of  the  wafer  can  be  ramped 
up  in  a  few  seconds.  The  process  temperature  of  the  RTA  tool  is  controlled  by  a 
thennocouple  with  a  feedback  system.  With  appropriate  setting,  the  wafer  temperature 
can  stabilize  to  the  set  point  in  a  few  seconds.  A  water  cooling  system  is  attached  to  the 
process  chamber  so  that  the  wafer  temperature  can  be  dropped  down  by  hundreds  of 
degree  Celsius  in  a  few  seconds  after  heating. 

Wafers  from  Recipe  ThickDepo  (ref.  Table  4.2)  were  also  used  for  the  RTA  study. 
The  annealing  temperatures  were  chosen  to  be  410°C,  430°C,  470°C,  510°C  and  550°C. 
The  recipe  was  adjusted  so  that  the  temperature  does  not  overshoot,  but  it  takes  10 
seconds  to  reach  the  set  point.  One  minute  of  annealing  time  was  used  in  each  recipe. 
Nitrogen  flow  was  used  during  the  annealing  so  that  the  film  does  not  oxidize. 

The  results  of  the  annealing  are  listed  in  Table  5.2  for  comparison.  There  is  no 
significant  change  in  resistivity,  but  the  changes  in  stress  and  strain  gradient  are  dramatic. 
It  is  interesting  that  the  results  of  all  RTA  runs  are  very  similar  to  those  of  the  furnace 
annealing  at  600°C  for  30  minutes  (listed  in  Table  5.2).  The  film  was  deposited  at  410°C 
for  hours  and  annealing  at  410°C  for  1  minute  should  not  change  the  properties  of  the 
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film.  This  observation  suggested  that  the  temperature  the  film  experienced  during  the 
RTA  section  might  be  a  lot  higher  than  the  set  point. 


TABLE  5.2  Summary  of  post-deposition  rapid  thermal  annealing  (RTA). 


Recipe 

Temp.  (°C) 

Time  (min.) 

Resistivity  (mtl-cm) 

Stress  (MPa) 

Strain  Gradient  (pm'1 ) 

As-deposited 

NA 

NA 

0.6 

-150 

4.7  x  10'5 

RTA-a 

410 

1 

0.6 

-112 

-4.6  x  10‘4 

RTA-b 

430 

1 

0.6 

-110 

-3.3  x  10‘4 

RTA-c 

470 

1 

0.5 

-118 

-3.5  x  10'4 

RTA-d 

510 

1 

0.5 

-102 

-3.6  x  10‘4 

RTA-e 

550 

1 

0.6 

-115 

-4.4  x  10‘4 

Stress  profile  and  TEM  analysis  for  the  as-deposited  film,  recipe  RTA-b  and 
RTA-e  are  shown  in  Figure  5.1,  Figure  5.5  and  Figure  5.6,  respectively.  Both  of  the  RTA 
conditions  fully  crystallized  the  bottom  amorphous  regions  of  the  films  and  the  stress  of 
those  regions  become  less  compressive.  The  stress  profile  and  the  microstructures  of  the 
RTAed  films  are  very  similar  to  those  of  the  600°C  furnace  annealed  film  (shown  in 
Figure  5.4).  Comparing  RTA  and  furnace  annealing  at  430°C,  furnace  annealing  for 
longer  time  does  not  create  visible  change  in  the  amorphous  region,  as  shown  in  Figures 
5.2  and  5.3  in  the  previous  section.  This  observation  suggests  that  there  is  a  temperature 
discrepancy  between  the  RTA  chamber  and  the  annealing  furnace.  The  annealing  furnace 
has  similar  a  temperature  control  as  the  poly-SiGe  deposition  furnace;  therefore,  the 
annealing  temperature  and  the  deposition  temperature  should  be  consistent. 

The  results  of  this  RTA  experiments  are  not  very  helpful  for  understanding  how  a 
reduced  thennal  budget  would  change  the  properties  of  the  film,  because  of  the 
uncertainty  in  annealing  temperatures.  It  is  confirmed  again  that  crystallization  of  the 
initially  amorphous  region  creates  a  dramatic  change  in  the  residual  stress  and  this  affects 
the  strain  gradient  of  the  entire  film  significantly. 
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Figure  5.5  Stress  profile  and  cross-sectional  TEM  image  for  RTA-b  (film  deposited  by 
Recipe  ThickDepo) 
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5.3  Flash  lamp  annealing 

Flash  lamp  annealing  (FLA)  is  an  advanced  rapid  thennal  annealing  process  that 
allows  the  wafer  to  be  held  at  process  temperature  for  just  a  few  milliseconds  and  then  to 
be  cooled  down  rapidly.  Flash  lamp  annealing  has  been  investigated  in  the  IC  industry  for 
ultra-shallow  junction  formation  [5.6]  -  [5.8],  The  effect  of  flash  lamp  annealing  on  poly- 
SiGe  film  was  studied  with  the  support  of  Mattson  Technology,  the  manufacturer  of  the 
FLA  tool. 

Flash  lamp  annealing  of  a  few  SiGe  samples  was  done  in  a  demo  tool  at  Mattson 
Technology.  The  temperature  distribution  across  the  substrate  is  close  to  a  Gaussian 
distribution  over  the  sample  area,  but  the  sample  holder  makes  the  edge  of  the  sample 
slightly  hotter.  In  this  experiment,  the  samples  were  preheated  to  an  intermediate 
temperature  of  220°C.  A  capacitor  hank  is  discharged  through  the  heating  lamp  to 
achieve  the  additional  temperature  jump  on  the  top  side  of  the  sample.  The  duration  of 
the  annealing  is  on  the  order  of  1  ms.  The  temperature  jump  could  be  measured  by  the 
additional  increase  in  backside  temperature.  The  backside  temperature  can  be  measured 
by  a  radiometer  if  it  is  above  760°C.  The  annealing  temperatures  for  the  poly-SiGe  films 
were  chosen  to  be  at  500°C,  600°C  and  700°C.  In  this  case,  the  temperature  cannot  be 
measured  by  the  radiometer,  so  is  roughly  predicted  by  the  lamp  power. 

Poly-SiGe  films  from  depositions  DOE  1-3  and  DOE  1-13  (ref.  Table  4.2)  were 
used  in  this  experiment.  The  two  depositions  recipes  have  different  process  temperature 
but  identical  process  pressure  and  gas  flow  rates.  The  results  of  the  annealing  are  listed  in 
Tables  5.3a  and  5.3b.  The  sample  size  for  the  demo  tool  is  restricted  to  12  mm  by  12  mm. 
After  the  annealing,  the  lithography,  etch  and  release  steps  were  done  at  die  level.  In  this 
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case,  the  average  residual  stress  cannot  be  measured  with  the  change  in  wafer  curvature. 
The  strain  gauge  test  structure  defined  by  the  mask  did  not  survive  after  the  release. 
Therefore  the  average  residual  stress  is  not  available  for  these  annealed  films.  We  can  see 
that  for  both  DOE  1-3  and  DOE  1-13  films,  flash  lamp  annealing  does  not  change  the 
resistivity  significantly.  Also,  only  the  700°C  annealing  changes  the  strain  gradient 
towards  the  negative  direction. 


TABLE  5.3a  Summary  of  post-deposition  flash  lamp  annealing  (FLA)  for  deposition  DOE1-3. 


Recipe 

Temp.  (°C) 

Time  (ms.) 

Resistivity  (mO-cm) 

Stress  (MPa) 

Strain  Gradient  (pm'1 ) 

As-deposited 

NA 

NA 

2.6 

-168 

5.8  x  10'4 

FLA-a 

500 

1 

2.8 

NA 

5.9  x  10'4 

FLA-b 

600 

1 

2.3 

NA 

5.8  x  |()  1 

FLA-c 

700 

1 

2.3 

NA 

-2.92  x  10'5 

TABLE  5.3b  Summary  of  post-deposition  flash  lamp  annealing  (FLA)  for  deposition  DOE  1-13. 

Recipe 

Temp.  (°C) 

Time  (ms.) 

Resistivity  (mtl-cm) 

Stress  (MPa) 

Strain  Gradient  (pm'1 ) 

As-deposited 

NA 

NA 

6.1 

-100 

3.8  x  10'4 

FLA-d 

500 

1 

6.8 

NA 

3.8  x  10'4 

FLA-e 

600 

1 

5.4 

NA 

3.2  x  10'4 

FLA-f 

700 

1 

5.0 

NA 

5.8  x  10'5 

The  textures  of  the  films  before  and  after  annealing  are  compared  by  TEM 
analysis.  For  reference,  the  stress  profiles  and  the  TEM  images  for  the  as-deposited  films 
are  shown  in  Figures  5.7  and  5.10.  Both  DOE  1-3  and  DOE  1-13  depositions  result  in 
conical  textures  with  amorphous  starting  layers  and  the  compressive  stress  gradually 
decreases  along  the  film  thickness.  Since  DOE  1-13  is  a  higher  temperature  deposition, 
the  amorphous  region  is  thinner. 

Comparing  Figure  5.7  with  Figure  5.8,  we  can  see  that  flash  lamp  annealing  at 
600°C  of  the  DOE  1-3  film  does  not  change  the  microstructure  so  that  the  strain  gradient 
of  the  film  remains  the  same.  Figure  5.9  shows  the  film  after  700°C  FLA  and  the  bottom 
amorphous  region  is  completely  crystallized.  Similar  to  furnace  annealing  and  RTA 
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discussed  in  previous  sections,  this  crystallization  of  the  bottom  amorphous  layer  changes 
the  local  stress  from  compressive  to  tensile.  A  negative  bending  moment  is  generated  at 
the  bottom  of  the  film  by  the  crystallization  and  the  strain  gradient  changes  towards  the 
negative  direction.  Figure  5.11  shows  similar  results  with  the  DOE1-13  film  annealed  at 
700°C.  Since  the  as-deposited  amorphous  region  for  deposition  DOE  1-13  is  thinner,  the 
negative  bending  moment  generated  by  the  crystallization  is  also  smaller.  As  a  result,  the 
change  in  strain  gradient  after  the  annealing  is  less  significant  compared  to  the  DOE  1-3 
film. 

It  should  be  noted  that  the  crystallized  region  at  the  bottom  of  the  FLA-ed  film 
looks  different  from  the  furnace  annealed  film  (Figure  5.4)  or  RTA-ed  film  (Figure  5.6). 
The  FLA  results  in  fine  grained  polycrystalline  structures  that  are  distinguishable  from 
the  as-deposited  crystalline  structures,  whereas  the  furnace  annealing  or  the  RTA 
“extends”  the  grain  growth  from  the  original  crystalline  structures.  In  all  cases,  the 
surface  roughness  remains  the  same  after  the  annealing.  This  indicates  that  the  flash  lamp 
annealing  does  not  involve  melting  or  re-solidification. 

The  flash  lamp  annealing  changes  the  stress  and  the  strain  gradient  in  a  similar 
fashion  as  the  furnace  annealing  and  the  rapid  thennal  annealing,  by  crystallizing  the 
amorphous  region  at  the  bottom  of  the  SiGe  film.  Since  the  duration  of  the  heat  pulse  is 
in  the  millisecond  range,  crystallization  does  not  occur  for  temperatures  below  700°C. 
The  effects  of  the  flash  lamp  annealing  on  the  underlying  CMOS  electronics  will  be 
studied  in  a  later  section. 
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Figure  5.7  Stress  profile  and  cross-sectional  TEM  image  for  the  as-deposited  film  (film 
deposited  by  Recipe  DOE  1-3) 


Figure  5.8  Cross-sectional  TEM  image  for  FLA-b  (film  deposited  by  Recipe  DOE  1-3) 


160 


Figure  5.9  Cross-sectional  TEM  image  for  FLA-c  (film  deposited  by  Recipe  DOE  1-3) 


Figure  5.10  Stress  profile  and  cross-sectional  TEM  image  for  the  as-deposited  film  (film 
deposited  by  Recipe  DOE1-13) 
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Figure  5.11  Cross-sectional  TEM  image  for  FLA-f  (film  deposited  by  Recipe  DOE1-13) 

5.4  Excimer  laser  annealing 

The  excimer  lasers  are  commonly  used  in  material  processing  research  due  to  its 
high  energy  density.  They  can  be  used  as  energy  sources  for  surface  annealing  or  material 
ablation.  Excimer  laser  annealing  (ELA)  of  poly-SiGe  had  been  previously  studied  by 
other  researchers  [5.9]  -  [5.11]  and  the  author  [5.12].  Pulsed-laser  annealing  can  be  used 
to  tune  the  stress  and  the  strain  gradient  of  the  poly-SiGe  film.  The  laser  energy  locally 
heats  up  the  SiGe  film,  and  therefore  the  thermal  budget  seen  by  the  underlying  CMOS  is 
not  increased.  This  section  briefly  reviews  the  work  done  by  the  author  for  a  Master’s 
project  [5.12]. 

Excimer  is  short  for  “excited  dimmer”.  The  laser  used  in  the  experiments  has  KrF 
as  the  gaseous  lasing  media,  excited  by  means  of  electrical  discharge.  The  diatomic 
molecule  KrF  has  very  short  lifetime  and  dissociates  to  release  the  energy  through 
ultraviolet  photons  at  the  wavelength  of  248  mn.  The  laser  excitation  is  pulsed  with  a 
duration  time  of  38  ns.  The  laser  beam  output  has  a  fluence  range  of  200  -  800  mJ/cm“. 
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This  fluence  level  allows  the  radiation  to  penetrate  the  top  most  portion  of  the  poly-SiGe 
film,  down  to  a  depth  of  ~0.3  pm. 

The  laser  energy  melts  the  top  region  of  the  film,  and  the  melted  region  re¬ 
solidifies  upon  cooling.  This  melting  and  re-solidification  process  densities  the  affected 
region  and  results  in  tensile  stress  locally.  Most  of  the  single  layer  as-deposited  poly- 
SiGe  films  have  compressive  stress  with  a  positive  stress  profile  (positive  strain  gradient). 
After  the  excimer  laser  annealing,  the  strain  gradient  of  the  film  will  be  worsened  by  the 
tensile  stress  on  the  top  region  of  the  film.  However,  if  excimer  laser  annealing  is  applied 
to  a  film  with  negative  strain  gradient,  the  strain  gradient  of  the  annealed  film  will  change 
in  the  positive  direction  toward  zero. 

The  results  of  the  excimer  annealing  study  are  summarized  in  Table  5.4.  A  bi¬ 
layer  deposition  recipe  was  chosen  to  generate  a  film  with  negative  strain  gradient  with 
the  stress  tuning  technique  [5.13].  The  bottom  layer  was  deposited  at  higher  temperature 
with  higher  germanium  content  compared  to  the  top  layer.  After  the  ELA,  the  resistivity 
of  the  film  remains  the  same,  whereas  the  residual  stress  and  the  strain  gradient  change  in 
the  positive  direction.  The  texture  of  the  as-deposited  and  ELA-ed  films  can  be  compared 
with  the  cross-sectional  TEM  images  shown  in  Figures  5.12  and  5.13. 


TABLE  5.4  Summary  of  post-deposition  excimer  laser  annealing  (ELA). 


Recipe 

Energy  (mJ/cm2) 

Resistivity  (mtl-cm) 

Stress  (MPa) 

Strain  Gradient  (pnT1 ) 

As-deposited 

NA 

1.4 

-7 

-1.23  x  10'4 

ELA-a 

200 

1.4 

7 

-2.05  x  JO'5 

ELA-b 

400 

1.4 

40 

5.90  x  10'4 

ELA-c 

600 

1.4 

72 

1.07  x  10'3 

2 

The  melted  depth  is  about  250  nm  for  600  mJ/ctrT  fluence.  The  tensile  stress  of 
this  melted  thin  region  is  a  few  hundreds  of  MPa  and  creates  a  large  positive  bending 
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moment,  therefore  the  strain  gradient  changes  significantly  after  annealing.  Since  the 
melting  and  re-solidification  involves  reflow,  the  surface  roughness  of  the  film  decreases 
after  the  annealing. 


Figure  5.12  Cross-sectional  TEM  image  for  the  as-deposited  film  in  the  ELA  experiment 


Figure  5.13  Cross-sectional  TEM  image  for  ELA-c 

Excimer  laser  annealing  has  the  lowest  thermal  budget  of  all  the  annealing 
method  discussed  above,  because  the  heating  is  limited  to  the  top  region  of  the  poly-SiGe 
film  and  the  underlying  CMOS  won’t  be  affected.  However,  the  mechanical  properties  of 
the  poly-SiGe  film  are  very  sensitive  to  the  laser  energy  and  achieving  low  strain  gradient 
with  good  uniformity  is  very  difficult. 
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5.5  Argon  implantation 

Ion  implantation  and  machining  have  each  been  used  to  modify  the  stress  in  thin 
films  [5.14],  [5.15].  Argon  implantation  is  a  low-cost  and  high-throughput  process  that  is 
readily  available  in  the  IC  industry.  Therefore,  the  effect  of  argon  implantation  (AI)  on 
the  strain  gradient  was  studied  in  this  work,  for  different  doses  and  acceleration  energies. 
Multiple-layered  poly-SiGe  films  deposited  by  Recipe  LayerStack  (ref.  Table  4.2)  were 
used  in  this  study.  The  results  are  summarized  in  Table  5.5. 


TABLE  5.5  Summary  of  post-deposition  argon  implantation  ( AI)  for  deposition  LayerStack. 


Recipe 

Energy  (keV) 

Dose  (cm'2) 

Resistivity  (mti-cm) 

Stress  (MPa) 

Strain  Gradient  (jim1 ) 

As-deposited 

NA 

NA 

3.1 

-229 

-1.17  x  10‘4 

Al-a 

30 

1  x  1014 

4.7 

-201 

-4.97  x  10"5 

Al-b 

65 

1  x  1014 

5.9 

-198 

1.25  x  10‘5 

AI-c 

100 

1  x  1014 

5.7 

-189 

1.32  x  i(T4 

Al-d 

100 

1  x  1013 

3.4 

-207 

-1.97  x  10"4 

Al-e 

100 

1  x  1012 

3.1 

-203 

-1.44  x  10‘4 

Al-f 

180 

1  x  IQ16 

1.9 

-162 

6.25  x  IQ'4 

As  an  extreme  case,  Figures  5.14  and  5.15  show  the  stress  profiles  and  cross- 
sectional-TEM  for  the  as-deposited  film  and  a  film  implanted  with  1x10  cm'“  Ar  at 
180  keV.  The  implantation  amorphizes  the  top  portion  (~  0.3  pm)  via  damage  to  the 
crystalline  structure,  and  thereby  relieves  the  compressive  stress  within  this  portion  of  the 
film.  The  implant  also  causes  a  small  drift  of  the  stress  in  the  position  direction  in  the 
middle  region  of  the  film  compared  to  Figure  5b.  Though  not  apparent  from  the  X-TEM 
image,  some  argon  ions  penetrate  the  film  beyond  the  amorphized  region,  which  may 
possibly  account  for  the  small  amount  of  stress  relaxation  in  the  middle  region  of  the  film. 
Overall,  the  stress  profile  after  argon  implantation  has  a  positive  slope  (increasing  from 
the  bottom  of  the  film  to  the  top  of  the  film)  and  results  in  a  strain  gradient  of  6.25x1  O'4 

pm'1,  whereas  the  as-deposited  film  has  a  strain  gradient  of  -1.2x1  O’4  pm'1. 
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Figure  5.14  Stress  profile  and  cross-sectional  TEM  image  for  the  as-deposited  film  (film 
deposited  by  Recipe  LayerStack) 
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Figure  5.15  Stress  profile  and  cross-sectional  TEM  image  for  Al-f  (film  deposited  by 
Recipe  LayerStack) 
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The  amorphization  thickness  and  the  stress  distribution  within  the  film  can  be 
modified  with  the  implant  dose  and  acceleration  energy.  Thus  the  strain  gradient  can  be 
tuned  by  ion  implantation.  Figure  5.16  shows  the  relationship  between  the  strain  gradient 
and  the  argon  implantation  conditions.  X-TEM  images  are  inserted  next  to  most  of  the 
data  points,  and  clearly  show  the  upper  amorphized  region  created  by  the  implantation. 
For  a  given  dose,  higher  acceleration  energy  results  in  thicker  amorphized  region. 
Amorphization  does  not  occur  for  dose  <  1><1013  cm"2  at  100  keV.  The  lowest  strain 
gradient  is  achieved  with  1><1014  cm'2  dose  and  65  keV  acceleration  energy. 
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Figure  5.16  Correlation  of  strain  gradient  with  post-deposition  argon  implantation 
conditions. 
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It  should  be  noted  that  the  implanted  film  remains  electrically  conductive 
(resistivity  <10  mfi-cm)  even  though  the  upper  portion  is  amorphous.  However,  the 
resistivity  is  lower  for  the  case  with  maximum  dose  and  energy  and  this  is  not  well- 
understood.  No  increase  in  wet-etch  rate  in  heated  H2O2  solution  is  seen  for  the  implanted 
film. 

Among  all  the  post-processing  methods  discussed  above,  ion  implantation  is  the 
lowest  thermal  budget  method.  It  also  has  the  advantage  being  a  standard  low-cost  and 
high  throughput  process  in  IC  manufacturing  and  has  well  controlled  process  uniformity 
and  repeatability. 

5.6  CMOS  thermal  budget  limitations 

Integration  of  SiGe  MEMS  on  CMOS  had  been  demonstrated  before.  Franke  et 
al.  first  demonstrated  SiGe  MEMS  resonators  on  3  pm  gate-length  CMOS  circuitry  made 
in  the  UC  Berkeley  Microfabrication  Laboratory  [5.3].  Witvrouw  et  al.  demonstrated  a 
SiGe  MEMS  gyroscope  over  0.35  pm  foundry  CMOS  circuitry  [5.16].  Takeuchi  et  al. 
studied  the  thennal  budget  limits  of  0.25  pm  foundry  CMOS  circuitry  by  rapid  thennal 
annealing  and  furnace  annealing  [5.5].  In  this  work,  0.13  pm  and  0.25  pm  foundry 
CMOS  are  studied  with  the  thennal  budget  generated  by  the  actual  MEMS  film 
depositions. 

5.6.1  Processing  of  the  MEMS  layers 

Since  there  were  a  limited  amount  of  0.13  pm  and  0.25  pm  foundry  CMOS  chips 
provided  by  collaborators,  the  CMOS  thermal  budget  test  were  done  at  the  die  level.  As 
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shown  in  Figure  5.17,  a  thin  layer  of  pure  germanium  was  first  deposited  as  the 
passivation  for  the  sacrificial  release.  Then  2  pm  of  oxide  was  deposited  as  the  sacrificial 
layer.  Lastly,  2  pm  of  SiGe  structure  layer  was  deposited.  The  thermal  history  the  CMOS 
chips  experience  for  the  depositions  includes: 

Ge  deposition  -  3  hr  30  min.  at  350°C 
Oxide  deposition  -  4  hr  30  min.  at  400°C 
SiGe  deposition  -  5  hr  45  min.  at  410°C 

There  is  temperature  fluctuation  of  ±  20°C  during  stabilization  for  each  deposition.  The 
CMOS  chips  were  split  into  three  groups.  Some  had  no  further  thennal  processing,  some 
were  flashed  lamp  annealed  at  700°C  for  1  ms  and  some  were  rapid  thermal  annealed  at 
430  °C  for  1  minute. 
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Figure  5.17  Schematic  of  MEMS  layers  processing  on  foundry  CMOS 
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In  order  to  do  electrical  measurement  of  CMOS  after  the  MEMS  processing,  the 
MEMS  films  need  to  be  stripped  off  to  re-expose  the  metal  bond  pads  for  probing.  The 
SiGe  film  was  stripped  off  using  a  reactive  ion  etch  at  60°C.  The  oxide  sacrificial  layer 
was  removed  in  HF  solution  (50  ml  49%  HF  +  200  ml  DI  water)  at  room  temperature  for 
10  minutes.  The  germanium  layer  was  removed  in  30%  H2O2  solution  at  80°C  for  5 
minutes. 

5.6.2  Metal  contact  damage 

During  the  film  removal  steps,  metal  contact  damage  is  observed.  Figure  5.18 
shows  the  conditions  of  the  metal  contact  along  the  film  removal  steps.  Since  pre¬ 
measurement  was  done  on  the  CMOS  electronics,  there  are  probe  marks  left  on  the  metal 
contacts.  The  residue  around  the  bond  pads  become  visible  after  the  removal  of  the  SiGe 
film.  By  the  end  of  the  film  removal  processes,  the  residual  is  clearer  and  there  is  almost 
no  metal  left  on  the  contact. 
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Figure  5.18  CMOS  metal  contacts:  a)  after  all  depositions;  b)  after  SiGe  film  removal;  c) 
after  oxide  film  removal;  d)  after  Ge  film  removal 


The  chips  with  no  further  thermal  processing  after  the  depositions  and  the  ones 
with  furnace  annealing  or  flash-lamp  annealing  have  similar  metal  contact  damage.  The 
chips  that  went  through  the  rapid  thermal  annealing  have  more  damage,  as  shown  in 
Figure  5.19.  Film  delamination  happened  right  after  the  RTA  step.  The  MEMS  layers  and 
the  CMOS  passivation  peeled  off  and  the  metal  contacts  were  exposed.  The  metal 
contacts  were  completely  damaged  during  the  film  removal  processes. 
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Figure  5.19  CMOS  metal  contacts:  a)  after  all  depositions  and  rapid  thermal  annealed  at 
430°C;  b)  after  SiGe  film  removal;  c)  after  oxide  film  removal;  d)  after  Ge  film  removal 

In  order  to  understand  the  origin  of  the  metal  contact  damage,  etch  experiments 
were  done  on  CMOS  chips  with  no  film  deposited  on  them.  Figure  5.20(a)  shows  that  the 
peroxide  etch  does  not  attach  the  metal  layer.  Figure  5.20(b)  shows  that  the  FIF  etch 
attaches  the  metal,  but  does  not  create  the  residual  damage  around  the  bond  pads  as  seen 
before.  Therefore  the  bond  pad  damage  shown  in  Figures  5.18  and  5.19  is  not  caused  by 
HF  attack  through  the  germanium  passivation. 
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Figure  5.20  CMOS  metal  contacts:  a)  without  depositions  and  etched  in  30%  H2O2 
solution  at  80°C  for  5  minutes;  b)  without  depositions  and  etched  in  HF  solution  (50  ml 
49%  HF  +  200  ml  DI  water)  at  room  temperature  for  10  minutes 

The  damage  of  the  metal  contact  is  likely  due  to  A1  and  Ge  reaction.  The  eutectic 
point  of  Al-Ge  is  at  420°C  [5.17].  During  temperature  stabilization  for  the  LTO  and  SiGe 
depositions,  the  temperature  can  easily  exceed  420°C.  Aluminum  diffuses  into  the 
germanium  layer.  After  the  film  removal,  the  Al-Ge  residue  becomes  visible  around  the 
metal  contact.  A  thin  layer  of  TiN  should  be  used  between  aluminum  and  the  germanium 
layers.  TiN  is  being  used  as  diffusion  barrier  for  Si  and  Al,  also  SiGe  and  Al.  In  addition, 
TiN  can  be  removed  using  H2O2  solution  [5.18]. 

5.6.3  Film  delamination  after  RTA 

Figure  5.19(a)  shows  that  the  film  delaminates  after  the  430  °C  RTA.  However, 
no  delamination  is  observed  with  furnace  annealing  or  flash  lamp  annealing.  Previous 
experiments  show  that  RTA  has  a  more  dramatic  effect  on  mechanical  properties 
compared  to  long  furnace  annealing  at  the  same  temperature.  It  is  believed  that  the  actual 
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RTA  temperature  is  higher  than  specified.  The  poor  adhesion  is  likely  due  to  the  change 
in  stress  after  the  RTA. 

As  described  in  Figure  5.17,  Ge,  SiC>2  and  SiGe  layers  are  deposited  on  foundry 
CMOS  chips  sequentially.  The  stress  of  individual  film  after  each  thermal  process  is 
summarized  in  Table  5.6.  For  these  measurements,  thennal  budget  of  the  sequential 
depositions  is  generated  by  furnace  annealing  at  comparable  temperature  and  duration. 
The  germanium  layer  has  the  most  significant  stress  change  since  the  sequential 
depositions  and  annealing  step  are  at  higher  temperatures  compared  to  its  deposition 
temperature. 


TABLE  5.6  Stress  of  individual  thin  film  after  each  thennal  process  step 


Thin  Film 

Stress  after  Ge  dep. 

Stress  after  oxide  dep. 

Stress  after  SiGe  dep. 

Stress  after  RTA 

Ge 

-220  MPa 

NA 

-144  MPa 

5  MPa 

Si02 

NA 

-46  MPa 

-30  MPa 

-31  MPa 

SiGe 

NA 

NA 

-215  MPa 

-137  MPa 

RTA  experiments  were  also  done  with  different  thin  film  stacks  to  check  their 
adhesion.  The  results  are  listed  in  Table  5.7.  The  single  or  double-layer  films  show  no 
delamination  after  the  RTA,  whereas  the  SiGe,  Si02  and  Ge  tri-layer  stack  delaminates 
on  either  silicon  substrate  or  CMOS  chips  due  to  the  larger  mismatch  in  stress. 


TABLE  5.7  Adhesion  of  various  thin  film  stacks  after  RTA  at  430  °C  for  1  minute 


Film  stack 

Delamination 

Ge  on  Si  substrate 

No 

Si02  on  Si  substrate 

No 

Ge  and  Si02  on  Si  substrate 

No 

SiGe  and  Si02  on  Si  substrate 

No 

SiGe,  Si02  and  Ge  on  Si  substrate 

Yes 

SiGe,  Si02  and  Ge  on  CMOS  chips 

Yes 
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5.6.4  Electrical  measurements 


Electrical  measurements  on  the  same  device  were  made  before  and  after  the 
process  and  compared.  Transistors,  Kelvin  test  structures  for  via  resistance  and  metal 
resistance  were  measured  for  the  0.13  pm  technology.  Previous  results  show  that  the  an 
increase  in  via  resistance  limits  the  thennal  budget  for  0.25  pm  CMOS  technology  [5.5]. 
In  this  study,  none  of  the  0.25  pm  via  structures  were  measurable  before  the  processing. 
Only  the  transistor  was  tested  for  the  0.25  pm  technology.  The  CMOS  test  results  are 
summarized  in  Table  5.8.  Due  to  the  metal  contact  damage,  post-process  measurement  is 
affected  by  the  contact  resistance  significantly,  especially  for  the  2-terminal  devices. 
Isolating  the  failure  caused  by  the  thermal  process  metal  contact  damage  is  difficult. 
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Table  5.8  CMOS  test  summary 


Process 

Technology 

Chip  ID 

Device 

Survive? 

Failure  analysis 

MOS1 

NMOS 

Yes 

PMOS 

Yes 

MOS2 

NMOS 

Yes/No 

Large  gate  leakage 

PMOS 

No 

Punch  through 

vial 

Yes 

via2 

Yes 

via3 

Yes 

Kell 

via4 

No 

Damaged  metal  line 

via5 

Yes 

via6 

No 

Damaged  metal  line 

via7 

No 

Damaged  metal  line 

vial 

Yes 

via2 

Yes 

via3 

No 

Damaged  metal  line 

Kel2 

via4 

No 

Damaged  metal  line 

via5 

No 

Damaged  metal  line 

0.13  pm 

via6 

No 

Damaged  metal  line 

Depositions 

via7 

No 

Damaged  metal  line 

ml 

Yes 

FLA  @  700  °C 

m2 

Yes 

for  1  ms 

m3 

Yes 

Metl 

m4 

Yes 

Film  removals 

m5 

No 

Bad  contact 

m6 

Yes 

m7 

Yes 

m8 

Yes 

ml 

No 

Bad  contact 

m2 

No 

Bad  contact 

m3 

No 

Bad  contact 

Met2 

m4 

No 

Bad  contact 

m5 

No 

Bad  contact 

m6 

No 

Bad  contact 

m7 

No 

Bad  contact 

m8 

No 

Bad  contact 

Diel 

NMOS 

Yes 

PMOS 

Yes 

0.25  pm 

Die2 

NMOS 

Yes 

PMOS 

Yes 

Die3 

NMOS 

No 

PMOS 

Yes 

MOS3 

NMOS 

No 

No  gate  control 

PMOS 

Yes 

vial 

Yes 

via2 

Yes 

via3 

No 

Damaged  metal  line 

Kel3 

via4 

Yes 

Depositions 

via5 

No 

Damaged  metal  line 

via6 

No 

Damaged  metal  line 

RTA  @  430  °C 
for  1  min 

0.13  pm 

via7 

No 

Damaged  metal  line 

ml 

No 

Bad  contact 

m2 

No 

Bad  contact 

Film  removals 

m3 

No 

Bad  contact 

Met3 

m4 

No 

Bad  contact 

m5 

No 

Bad  contact 

m6 

No 

Bad  contact 

m7 

No 

Bad  contact 

m8 

No 

Bad  contact 

0.25  pm 

Die4 

NMOS 

No 

PMOS 

No 
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MOS4 

NMOS 

Yes 

PMOS 

Yes 

vial 

Yes 

via2 

Yes 

via3 

Yes 

Kel4 

via4 

Yes 

via5 

No 

Damaged  metal  line 

via6 

No 

Damaged  metal  line 

Depositions 

0.13  pm 

via7 

No 

Damaged  metal  line 

ml 

Yes 

Film  removals 

m2 

Yes 

m3 

Yes 

Met4 

m4 

Yes 

m5 

No 

Bad  contact 

m6 

No 

Bad  contact 

m7 

No 

Bad  contact 

m8 

No 

Bad  contact 

0.25  pm 

Die5 

NMOS 

Yes 

PMOS 

Yes 

In  summary,  the  group  of  samples  that  did  not  go  through  additional  annealing 
has  the  best  survival  rate.  Most  of  the  devices  could  not  survive  rapid  thennal  annealing. 
Film  delamination  after  the  RTA  exposes  the  devices  to  the  HF  solution  during  the 
sacrificial  oxide  removal.  Also,  the  actual  temperature  of  the  RTA  tool  is  believed  to  be 
higher  than  the  set  point  as  discussed  in  section  5.2.  The  performance  of  the  flash  lamp 
annealing  group  falls  in-between  that  of  the  unannealed  devices  and  the  RTA-ed  devices. 

The  performance  of  the  surviving  0.13  pm  technology  transistors  is  plotted  in 
Figure  5.21.  The  threshold  voltage,  on-current,  off-current,  sub-threshold  swing  and 
transconductance  of  the  NMOS  devices  increase  after  the  process.  The  threshold  voltage 
of  the  PMOS  devices  becomes  more  negative  and  the  on-current,  off-current  and  sub¬ 
threshold  swing  decrease.  The  change  in  transconductance  is  inconsistent.  The  NMOS 
performance  does  not  degrade  as  much  as  the  PMOS.  For  the  PMOS,  the  Ion  change  is 
smaller  compared  to  the  change  in  Vt,  but  the  I0ff  change  is  consistent  with  the  change  in 
Vt.  The  degradation  in  PMOS  performance  is  a  bigger  concern. 
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The  performance  of  the  Kelvin  via  and  metal  electromigration  structures  for  0.13 
pm  technology  are  plotted  in  Figure  5.22  and  Figure  5.23.  Resistance  increases  for  all 
devices  after  processing.  Most  of  the  dead  devices  have  visible  broken  metal  lines  due  to 
the  film  removal  process.  There  are  also  many  devices  not  measurable  due  to  contact 
damage. 
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Figure  5.21  0. 13  (im  technology  transistor  perfonnance  before  and  after  post-processing. 
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Figure  5.22  0. 13  u  rn  technology  Kelvin  via  resistance  before  and  after  post-processing 
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Figure  5.23  0.13  |im  technology  metal  electromigration  test  structure  resistance  before 
and  after  post-processing 


The  performance  of  the  0.25  pm  technology  transistors  are  plotted  in  Figure  5.24. 
The  threshold  voltage  of  the  NMOS  moves  in  the  negative  direction.  The  threshold 
voltage  of  PMOS  moves  in  the  positive  direction.  The  relative  change  is  less  than  3%. 
The  on-current  change  doesn’t  show  the  same  trend  for  all  annealing  conditions.  The  off- 
current  increases  after  annealing,  which  is  consistent  with  the  threshold  voltage  shift. 
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Figure  5.24  0.25  pm  technology  transistor  perfonnance  before  and  after  post-processing. 


182 


5.7  Summary 


A  variety  of  post-deposition  processes  are  discussed  in  this  chapter.  Annealing  the 
poly-SiGe  film  at  elevated  temperature  can  crystallize  the  bottom  amorphous  region.  The 
top  polycrystalline  region  can  be  melted  and  re-crystallized  with  an  excimer  laser.  High 
dose  and  high  energy  argon  ion  implantation  can  be  used  to  amorphize  the  top  crystalline 
region.  All  of  these  post-processes  can  alter  the  film  mechanical  properties.  With  the 
appropriate  combination  of  deposition  and  post-processing,  the  desired  film  properties 
can  be  achieved.  However,  the  as-deposited  film  can  also  have  the  desired  mechanical 
properties,  as  described  in  Chapter  4.  Post-deposition  processing  of  poly-SiGe  is  not 
recommended  for  tuning  the  mechanical  properties,  because  of  additional  sources  of 
variability.  Also,  caution  is  advised  for  back-end  processes  such  as  anti-stiction  coating 
and  encapsulation  at  elevated  temperature. 

The  CMOS  thermal  budget  limit  study  with  the  film  depositions  and  removals 
was  inconclusive.  Without  a  Ti/TiN  barrier  layer,  inter-diffusion  between  the  aluminum 
and  the  germanium  passivation  layer  damages  most  of  the  electrical  contacts.  Thus,  the 
cause  of  the  apparent  degradation  in  device  performance  cannot  be  definitively  attributed 
to  the  thennal  post-processing.  Another  experiment  conducted  with  equivalent  thermal 
budget  furnace  annealing  is  needed  to  eliminate  apparent  degradation  due  to  metal 
contact  damage.  A  full  process  with  film  depositions  and  removals  can  then  be  repeated 
with  the  Ti/TiN  barrier  layer  deposited  first. 
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Chapter  6:  Conclusion 


6.1  Contributions  of  this  work 

The  development  of  LPCVD  poly-SiGe  for  MEMS  applications  started  in  UC 
Berkeley  about  a  decade  ago.  A  few  generations  of  researchers  have  contributed  to  the 
fundamental  understanding  of  the  technology.  As  the  technology  has  matured,  interest  for 
commercialization  has  grown.  Most  of  the  work  done  in  this  thesis  is  driven  by  industrial 
interests. 

Reducing  the  thermal  budget  is  an  important  consideration  for  post-CMOS 
integration.  However,  meeting  both  specifications  for  thermal  budget  and  materials 
properties  is  challenging,  especially  for  the  strict  strain  gradient  requirement  for  inertial 
sensor  applications.  There  have  been  some  efforts  to  improve  strain  gradient  with  post¬ 
deposition  annealing.  It  is  found  that  the  post-deposition  annealing  adds  extra  variables  to 
the  process  in  addition  to  the  extra  thermal  budget  in  most  cases.  Developing  as- 
deposited  films  with  the  desired  materials  properties  is  preferred.  Since  temperature  has 
an  exponential  effect  on  thermal  budget,  reducing  the  deposition  temperature  is  an  on¬ 
going  effort  for  poly-SiGe  development.  Table  6.1  summarizes  the  materials 
development  of  as-deposited  LPCVD  poly-SiGe  films  to  date.  The  latest  results  of 
PECVD  film  are  also  listed  for  comparison.  Stress  balancing  with  multiple-layer 
depositions  was  used  by  Bhave  [6.2],  Lin  [6.3]  and  Mehta  [6.4]  for  strain  gradient 
optimization.  Comparing  the  results  for  LPCVD  films,  a  recipe  with  the  lowest  thennal 
budget  and  the  lowest  strain  gradient  is  developed  in  this  thesis  work.  Comparing  the  best 
recipes  for  the  LPCVD  and  the  PECVD  systems,  the  mechanical  properties  of  the  films 
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are  comparable.  Although  the  deposition  rate  of  the  best  LPCVD  recipe  is  an  order  of 
magnitude  lower  than  that  of  the  best  PECVD  recipe,  a  lower  deposition  temperature  of 
410°C  was  used  in  the  LPCVD  recipe.  Microcrystalline  SiGe  deposited  at  400°C  or 
lower  is  under  development  using  the  PECVD  system,  but  the  desired  materials 
properties  have  not  been  achieved  yet  [6.4].  Excimer  laser  annealing  of  PECVD  SiGe 
deposited  at  210°C  is  another  low  thermal  budget  approach  for  controlling  mechanical 
properties  [6.5],  Excimer  laser  annealing  does  not  increase  the  thennal  budget  of  the 
underlying  CMOS  since  the  thennal  treatment  is  localized  to  the  topmost  MEMS  layer. 
However,  the  excimer  laser  annealing  step  adds  extra  variables  to  the  process.  Also, 
compromise  has  to  be  made  between  electrical  conductivity  and  strain  gradient. 


TABLE  6.1  Summary  of  materials  development  of  poly-SiGe  (as-deposited  films) 


Method 

Leading 

researcher 

Date 

Temp. 

(°C) 

Time 

(min) 

Thn. 

(pm) 

Ge  cont. 
(%) 

Res. 

(mQ-cm) 

Stress 

(MPa) 

Best  strain 
gradient  (pm1) 

LPCVD 

Franke  [6.1] 

2000 

450 

180 

3.1 

67 

1.8 

10 

1.9  x  10'4 

LPCVD 

Bhave  [6.2] 

2002 

425 

3 

68/65/62 

1.8  x  10'4 

LPCVD 

Lin  [6.3] 

2003 

425 

3.9 

69/65 

0.55 

-36 

1.1  x  10‘5 

LPCVD 

Low 

2006 

410 

480 

3.5 

60 

0.65 

-157 

1.1  x  lo-6 

PECVD 

Mehta  [6.4] 

2005 

450 

40 

4 

65/56 

1.0 

20 

3.5  x  IQ-6 

For  the  interest  of  high  volume  manufacturing,  this  thesis  work  furthers  the 
understanding  of  the  sensitivity  of  materials  properties  to  process  variations  and  improves 
the  process  stability  with  new  process  gases  and  hardware  modifications.  Having  a  stable 
and  efficient  dopant  gas  significantly  reduces  the  maintenance  effort  and  improves  the 
process  repeatability.  In-situ  control  of  the  SfiH  to  GeH4  gas  flow  ratio  is  also  an 
important  aspect  of  process  monitoring. 

In  the  interest  of  minimizing  the  strain  gradient  for  inertial  sensor  applications, 
extensive  materials  analysis  was  perfonned  to  understand  the  correlations  among  the 
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deposition  condition,  the  microstructure,  and  the  mechanical  properties.  Boron-doped 
poly-SiGe  films  generally  have  vertically  oriented  grains,  either  conical  or  columnar  in 
shape.  Films  with  small  strain  gradient  usually  have  columnar  grain  structure  with  low 
defect  density.  The  uniformity  of  films  deposited  in  a  batch  LPCVD  reactor  can  be 
improved  by  increasing  the  deposited  film  thickness,  using  a  proper  seeding  layer,  and/or 
depositing  the  film  in  multiple  layers. 

6.2  Recommendations  for  future  work 

As  the  poly-SiGe  MEMS  technology  is  being  transferred  to  industry,  a  more 
robust  process  is  required  for  high  volume  manufacturing.  Better  equipment  and  tighter 
process  control  are  necessary  to  generate  high  yield.  Developing  in-line  measurement 
methods  for  film  thickness  and  germanium  content  will  be  important  for  statistical 
process  control. 

For  fundamental  research,  it  would  be  interesting  to  study  the  process  with  the 
newly  developed  single-source  silicon  and  germanium  precursors  SiGeoHg  and  SiGeH6. 
These  precursors  have  the  potential  of  providing  higher  deposition  rate  and  producing 
uniform  germanium  content  film  across  a  large  batch. 

While  a  deposition  process  that  gives  as-deposited  low  strain  gradient  film  has 
been  developed  with  large  columnar  microstructures,  long  term  repeatability  has  not  been 
proven.  Fine-grained  poly-Si  films  have  been  demonstrated  with  reproducibly  low  strain 
gradients.  The  grain  size  of  poly-Si  is  control  by  in-situ  PH3  or  O2  doping  [6.6]. 
Therefore,  additional  work  can  be  done  to  investigate  the  feasibility  of  depositing  fine¬ 
grained  poly-SiGe  films  with  average  grain  size  approximately  an  order  of  magnitude 
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smaller  than  the  film  thickness,  to  achieve  unifonnly  low  strain  gradient.  Boron-doped 
poly-SiGe  films  always  have  conical  or  columnar  microstructures.  Phosphorus-doped 
poly-SiGe  films  can  have  fine-grained  microstructures,  but  the  deposition  rate  is  retarded 
[6.1].  Carbon  doping  might  provide  another  option  to  generate  fine-grained 
microstructures.  Carbon  is  commonly  used  in  epi-SiGe  for  bandgap  engineering  and 
strain  compensation,  where  SifBCHs  is  the  carbon  precursor  used  in  the  CVD  system. 
Carbon  might  be  able  to  serve  as  an  impurity  to  break  up  the  grain  formation  and  result  in 
fine-grained  microstructures. 
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Appendix  A:  SAM  Coating  of  Poly-SiGe  for  Stiction  Reduction 


The  large  surface-to-volume  ratio  of  MEMS  devices  makes  them  vulnerable  to 
adhesion  upon  contact.  The  interfacial  forces  between  surfaces  include  capillary,  van  der 
Waals,  and  electrostatic  attractions.  Capillary  force  causes  stiction  of  the  structure  to  the 
substrate  during  the  sacrificial  layer  wet  etch  -  so-called  “release  stiction”;  van  der  Waals 
and  electrostatic  attraction  cause  surfaces  permanently  to  adhere  to  each  other  during 
device  operation  -  “in-use  stiction”.  Overcoming  these  interfacial  forces  is  essential  for 
the  successful  fabrication  and  operation  of  MEMS  devices. 

A.l  SAM  overview 

Various  techniques  have  been  investigated  to  achieve  low  adhesion  energy  [A.l]. 
Surface  modification  using  hydrophobic  self-assembled  monolayers  (SAM)  is  one  of  the 
most  successful  strategies,  as  it  addresses  both  release  and  in-use  stictions.  SAM  coatings 
are  conformal  with  dense  and  stable  structures.  In  addition,  the  ability  to  tailor  both  the 
head  and  the  tail  groups  of  the  constituent  molecules  gives  a  large  variety  of  feasible 
coating  materials. 

Self-assembled  monolayers  (SAM)  are  molecular  assemblies  that  are  formed 
spontaneously  by  the  immersion  of  the  appropriate  substrate  into  a  solution  of  an  active 
surfactant  in  an  organic  solvent.  The  molecule  consists  of  three  main  parts.  The  first  part 
is  the  head  group,  which  chemisorbs  at  all  of  the  surface  sites,  resulting  in  a  close-packed 
monolayer.  The  second  part  is  the  alkyl  chain,  where  van  der  Waals  interactions  between 
chains  contribute  further  to  the  ordering  of  the  monolayer.  The  third  part  is  the  terminal 
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group.  For  anti-stiction  purposes,  a  methyl  terminal  group  makes  the  surface 
hydrophobic. 

Poly-Si  has  been  a  conventional  MEMS  material  for  more  than  a  decade  and 
various  SAM  coatings  for  poly-Si  have  been  investigated  [A. 2  -  A. 6],  Poly-SiGe  is  a 
promising  material  for  the  modular  integration  of  MEMS  and  CMOS,  due  to  its  low 
process  thermal  budget  and  its  good  electrical  and  mechanical  properties  [A. 7].  Poly- 
SiGe  MEMS  processing  shares  many  similarities  with  poly-Si  processing;  stiction  is 
unfortunately  also  a  problem  with  poly-SiGe.  In  this  work,  the  feasibility  of  SAM  coating 
on  poly-SiGe  is  studied.  OTS  and  1-octadecene  SAM  were  applied  to  poly-Si,  poly-SiGe 
and  poly-Ge  surfaces  for  comparison.  Effectiveness  of  the  coating  was  measured  by  the 
water  contact  angle.  N2  ambient  annealing  was  applied  to  SAM  coated  films  for  thermal 
stability  study. 

A.2  Experimental  details 

Poly-Si,  poly-SiGe  and  poly-Ge  films  used  in  this  SAM  study  were  deposited  in 
conventional  LPCVD  reactors.  The  poly-SiGe  film  has  approximately  68%  germanium 
content.  All  films  have  surface  roughness  less  than  3  mn  rms  so  that  topography  does  not 
affect  the  coating  and  the  contact  angle  measurement  significantly. 

Alkyltrichlorosilane-based  monolayer  OTS  [CH3(CH2)i7SiCl3]  and  alkene-based 
monolayer  1-octdecene  [CFl3(CFI2)i5CH=CH2]  were  studied  in  this  experiment.  Both 
precursor  molecules  contain  a  straight  18-carbon  chain  and  a  hydrophobic  CH3  tail  group. 
Both  molecules  bind  to  the  substrate  only  at  one  end,  but  with  different  mechanisms.  The 
chlorosilane  molecules  of  the  OTS  react  with  water  to  form  silanols,  which  then  condense 
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to  form  siloxane  polymers  with  the  elimination  of  water  [A.2].  The  alkene-based  SAM 
abandons  the  chlorosilane  chemistry  and  adopts  a  free  radical  reaction  of  a  primary 
alkene  [1-octadecene,  CH3(CH2)i5CH=CH2]  to  bind  the  precursor  molecule  to  a  hydrogen 
tenninated  silicon  surface  with  a  Si-C  bond  [A.4]. 

The  coating  procedure  of  OTS  and  1-octadecene  are  listed  in  Tables  A.l  and  A.2. 
A  hexadecane  and  carbon  tetrachloride  mixture  with  6:4  volume  ratio  was  used  as  the 
OTS  solvent.  The  OTS  concentration  was  approximately  ImM.  The  1-octadecene 
solution  was  prepared  with  10%  volume  of  1-octadecene  with  90%  volume  of 
hexadecane  as  the  solvent.  All  chemicals  used  in  the  SAM  coating  process  were  standard 
solvent  grade  except  hexadecane  and  chloroform  were  anhydrous  (Aldrich  Chemical 
Co.). 


TABLE  A.l  OTS  coating  procedure 

Purpose 

Procedure 

Duration 

Acetone  rinse 

5  min. 

IPA  rinse 

5  min. 

Cleaning 

DI  wafer  rinse 

5  min. 

UVO  light* 

5  min. 

HF  etch 

5  min. 

Oxidation 

UVO  light* 

5  min. 

SAM  coating 

IPA  rinse 

5  min. 

OTS  mixture 

60  min. 

Cleaning 

IPA  rinse 

5  min. 

DI  water  rinse 

5  min. 

*  Poly-SiGe  and  poly-Ge  films  did  not  get  the  UVO  light  treatment 

since  their  oxides  fonn  readily  in  air. 

TABLE  A.2  1-octadecene  coating  procedure 

Purpose 

Procedure 

Duration 

Acetone  rinse 

5  min. 

Cleaning 

IPA  rinse 

5  min. 

DI  wafer  rinse 

5  min. 

H  termination 

HF  rinse  and  dry 

5  min. 

IPA  rinse 

5  min. 

SAM  coating 

1-octadecene  mixture  @  180°C  with  N2  purge 

30  min. 

Petroleum  ether  rinse 

5  min. 

Cleaning 

IPA  rinse 

5  min. 

DI  water  rinse 

5  min. 
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The  thermal  stability  of  the  coatings  in  No  ambient  was  tested  using  a  rapid 
thennal  annealing  system.  Temperature  was  ramped  up  to  the  set  point  from  room 
temperature  in  30  sec,  the  set  temperature  stayed  constant  for  5  minutes  and  then  slowly 
cooled  down  to  room  temperature  in  about  an  hour. 

The  effectiveness  of  the  SAM  coatings  and  thennal  stability  were  evaluated  with 
static  water  contact  angle  measurement.  Data  were  taken  with  DI  water  (resistivity  >18 
Mf2)  according  to  the  sessile  droplet  method.  Droplet  size  was  approximately  4  pi. 

A.3  Results  and  discussion 
A.3.1  Film  characterization 

Water  contact  angle  data  given  in  Figure  A.l  and  Table  A.3  confirms  that  well- 
packed  monolayers  are  fonned  on  all  poly-Si,  poly-SiGe  and  poly-Ge  surfaces.  Data  for 
uncoated  samples  are  also  listed  for  reference.  Samples  exposed  to  ambient  humidity  for 
5  days  show  similar  water  contact  angles,  which  indicates  the  SAM  coatings  do  not 
degrade  in  ambient  at  room  temperature. 
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Figure  A.l  Images  of  water  droplet  on  various  surfaces 


TABLE  A.3  Water  contact  angle  data  for  poly-Si,  poly-SiGe  and  poly-Ge  surfaces 


Coating 

Poly-Si 

Poly-SiGe 

Poly-Ge 

None 

71.3° 

60.5° 

54.7° 

OTS 

116.4° 

114.3° 

112.3° 

1-octadecene 

108.8° 

100.9° 

93.5° 

The  contact  angle  data  indicate  that  all  surfaces  become  hydrophobic  after  the 
SAM  coating.  However,  having  large  water  contact  angle  is  not  sufficient  to  show  that 
the  head  group  of  SAM  is  chemically  bonded  to  the  substrate. 

The  data  show  that  the  contact  angle  decreases  with  germanium  content  for  both 
SAM  coatings.  In  the  case  of  OTS  on  oxidized  poly-Si,  absorption  takes  place  through 
the  hydrolysis  of  the  Si-Cl  bonds  to  form  Si-OH  groups;  the  OH  groups  interact  with  OH 
groups  on  the  oxidized  surface,  forming  Si-O-Si  bonds  to  the  substrate  through 
condensation  reaction.  Si-O-Si  bonds  are  also  form  between  adjacent  head  groups, 
creating  a  cross-linked  network  at  the  surface  [A. 2],  If  a  similar  reaction  happens  on 
oxidized  poly-SiGe  or  poly-Ge  surfaces  with  the  formation  of  Si-O-Si  and/or  Ge-O-Ge 
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bonding  networks,  the  larger  cell  dimension  of  germanium  would  reduce  the  packing 
density  of  OTS  molecules,  resulting  in  smaller  water  contact  angles. 

For  the  case  of  1-octadecene  on  poly-Si,  the  SAM  molecule  bonds  directly  to  the 
hydrogen  terminated  silicon  [A.4].  By  analogy  with  this  reaction,  one  would  expect  that 
hydrogen  terminated  germanium  surfaces  would  be  required  for  the  bonding  to  fonn  at 
the  substrate.  It  is  well  known  that  germanium  surfaces  are  less  stable  compared  to  Si 
surfaces  and  that  a  native  germanium  oxide  layer  forms  readily  in  air  [A. 8],  It  has  been 
observed  that  an  HF  dip  makes  poly-Si  hydrophobic,  whereas  poly-SiGe  and  poly-Ge 
remain  hydrophilic.  Therefore,  it  is  unclear  that  if  1-octadecene  are  chemically  bonded  to 
germanium.  It  has  been  reported  that  1-octadecene  could  coat  substrates  other  than 
hydrogen  terminated  silicon  without  chemical  bonding  and  still  result  in  large  water 
contact  angles  [A.4]. 

A.3.2  Thermal  stability 

Thermal  stability  of  the  SAM  coatings  has  been  investigated  in  N2  ambient  since 
most  MEMS  packaging  processes  contain  steps  at  elevated  temperatures.  The  resulting 
water  contact  angle  data  of  the  films  after  heating  are  summarized  in  Figure  A.2  and 
Figure  A. 3.  We  found  that  OTS  coating  survives  to  higher  temperatures,  consistent  with 
results  reported  on  poly-Si  surface  [A.2,  A.4,  A. 9,  and  A.  10]. 
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OTS  Coating 


Figure  A.2  Water  contact  angle  measurements  on  OTS  SAM-coated  Si,  SiGe  and  Ge  to 
assess  thermal  stability  in  N2  ambient. 


1-Octadecene  Coating 


Figure  A.3  Water  contact  angle  measurements  on  1-octadadecene  SAM-coated  Si,  SiGe 
and  Ge  to  assess  thermal  stability  in  N2  ambient. 
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There  are  three  possibilities  for  the  OTS  decomposition  mechanism:  cleavage  of 
the  Si-0  or  Ge-0  head  group  bond,  cleavage  of  the  Si-C  bond,  and  cleavage  of  the  C-C 
bond.  Thennal  stability  of  OTS  coating  on  oxidized  silicon  surface  has  been  well-studied 
with  high  resolution  electron  energy  loss  (HREEL)  spectrum  [A. 9].  HREEL  spectrum 
shows  that  the  siloxane  head  groups  remain  on  the  surface  until  about  827°C.  Si-C  modes 
are  hard  to  detect  due  to  the  presence  of  the  Si-O-Si  symmetric  stretch.  If  Si-C  bond 
cleavage  were  occurring  to  a  significant  extent,  the  entire  chain  would  be  desorbed 
completely.  Gradually  decrease  in  water  contact  angle  upon  heating  suggests  that  the 
decomposition  of  OTS  coated  Si  surface  begin  with  the  cleavage  of  C-C  bonds  at  467°C. 
As  a  result  of  the  C-C  bond  cleavage,  a  shorter  alkyl  radical  is  left  on  the  surface  and 
reactions  with  molecular  hydrogen  in  the  ambient  yield  CH3  group  at  the  tail.  Although 
the  chain  length  has  been  significantly  reduced,  the  monolayer  is  still  reasonably  well- 
ordered  at  a  temperature  slightly  higher  than  the  C-C  bond  cleavage  point. 

If  OTS  coatings  on  poly-SiGe  or  poly-Ge  are  analogous,  we  would  expect  them  to 
have  similar  thennal  stability  as  poly-Si.  However,  the  data  show  that  thermal  stability 
decreases  with  increased  germanium  content.  Since  germanium  oxide  is  known  to  be 
unstable  at  elevated  temperature  [A. 8],  the  Ge-0  bond  cleavage  might  happen  before  the 
C-C  bond  cleavage. 

The  desorption  mechanism  of  1-octadecene  monolayer  on  silicon  surface  is  very 
different  from  OTS  [A.  10].  HREEL  spectrum  shows  the  presence  of  Si-H  groups 
following  annealing  to  377  °C.  This  suggests  the  desorption  of  the  alkyl  monolayers 
occurs  through  P-hydride  elimination.  At  higher  temperatures,  the  entire  chain 
decomposed  with  SiC  vibrational  modes  evident. 
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From  Figure  A. 3,  we  can  see  the  SAM  coating  on  poly-SiGe  follows  the  trend  of 
poly-Si,  but  break  down  starts  at  a  lower  temperature.  On  the  other  hand,  poly-Ge  breaks 
down  at  a  significantly  lower  temperature  compared  to  poly-Si.  As  discussed  before,  the 
gennanium  oxide  could  not  be  eliminated  before  the  1-octadecene  coating.  The  head 
group  of  the  SAM  might  not  be  able  to  bond  to  the  gennanium  surface  with  the  Ge-C 
bond.  Upon  heating,  the  SAM  molecules  become  disordered  due  to  the  lack  of  chemical 
bonding  at  the  head  group.  For  the  case  of  coating  on  poly-SiGe,  there  should  exist  some 
Si-C  bonds.  However,  the  packing  density  of  the  monolayer  should  be  lower  compared  to 
that  of  poly-Si  surface,  which  results  in  smaller  water  contact  angle  and  worse  thermal 
stability. 

A.4  Summary 

Water  contact  angle  measurement  shows  that  self-assembled  monolayer  coatings 
on  unpattemed  poly-SiGe  surfaces  have  hydrophobic  properties  and  reasonable  thennal 
stability.  The  existence  of  germanium  oxide  at  the  surface  degrades  the  packing  density 
and  thennal  stability  of  the  SAM  coating.  Comparing  OTS  and  1-octadecene  coatings, 
OTS  monolayer  gives  higher  water  contact  angle  and  better  thermal  stability  on  poly- 
SiGe  surface.  Due  to  the  existence  of  germanium  oxide  at  the  poly-SiGe  surface, 
alkyltrichlorosilane -based  monolayer  is  believed  to  be  a  better  coating  material  for  poly- 
SiGe  than  alkene-based  monolayer. 

Further  experiments  should  be  done  with  cantilever  beam  array  to  characterize  the 
release  and  in-use  stiction  of  the  SAM-coated  poly-SiGe  surfaces.  HREEL  spectroscopy 
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should  also  be  used  to  further  study  the  correlation  between  the  gennanium  content  and 
the  desorption  mechanism. 
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Appendix  B:  Stress  Stability  of  LPCVD  Poly-SiGe  and  Si02  Films 


Reliability  specifications  typically  require  MEMS  structural  layers  to  have  long¬ 
term  material  stability.  In  past  research,  results  from  the  analysis  of  wafer  curvature  over 
time  appeared  to  indicate  that  poly-SiGe  films  experience  a  stress  drift  in  humid 
environments  [B.  1  ] .  This  observation  created  a  major  challenge  to  the  plausibility  of 
poly-SiGe  MEMS  technology.  In  order  to  understand  the  stress-drift  phenomenon,  multi¬ 
layer  thin  film  stress  is  modeled  [B.2]  with  the  same  methodology  used  to  derive  the 
Stoney  Equation  [B.3].  Results  show  that  the  residual  stress  of  poly-SiGe  films  is,  in  fact, 
stable  in  ambient  conditions.  The  apparent  residual  stress  drift  of  the  poly-SiGe  films 
reported  in  Ref.  [B.l]  was  caused  by  the  unstable  low  temperature  LPCVD  oxide  on  the 
backside  of  the  wafers. 

B.l  Experimental  details 

The  average  residual  stresses  of  various  thin  films  were  determined  with  wafer 
curvature  measurements  before  and  after  thin  film  deposition  using  a  Tencor  FLX-2320. 
Long  tenn  average  residual  stress  monitoring  was  done  with  various  layer  stacks  as 
shown  in  Figure  B.l.  Poly-Si,  poly-SiGe,  and  poly-Ge,  as  well  as  various  oxides,  were 
deposited  and  removed  from  single  crystal  silicon  (SCS)  wafers  under  different 
conditions  as  summarized  in  Table  B.l.  Initial  wafer  curvature  measurements  were  taken 
from  the  bare  Si  wafer  for  the  single  layer  stacks  (Figure  B.la  &  Figure  B.lb),  and  from 
the  oxidized  wafer  before  poly-Si,  poly-SiGe  or  poly-Ge  deposition  for  the  bi-layer 
stacks  (Figure  B.lc). 
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I  I  Poly-Si,  poly-SiGe  or  poly-Ge  I  I  Various  Oxides 


Si  Substrate 

Si  Substrate 

Si  Substrate 

a)  Poly-Si,  SiGe  or  Ge  on  silicon  b)  Oxide  on  silicon  c)  Poly-Si,  SiGe  or  Ge  on  oxide 

Figure  B.l  Layer  stacks  for  stress  monitoring 


TABLE  B.l  Deposition  and  removal  conditions  of  the  various  thin  films 

Film  Deposition  method  Removal  method 


Poly-Si  (0.6  pm) 

Poly-SiGe  (0.2  -  1  pm) 
Poly-Ge  (0.4  pm) 

Diy  thennal  oxide  (1200  A) 
Wet  thermal  oxide  (1600  A) 
LPCVD  oxide  (2  pm) 

PEC  YD  oxide  (0.5  pm) 


LPCVD  @  620°C 
LPCVD  @  400  -  450°C 
LPCVD  @  350°C 
Thermally  growth  @  1050°C 
Thermally  growth  @  1050°C 
LPCVD  @  450°C 
LPCVD  @  390°C 


RIE  @  60°C 

RIE  @  60°C 

RIE  @  60°C 

HF  solution  @  21°C 

HF  solution  @  21°C 

HF  solution  @  21°C 

NA  (single  side  deposition) 


B.2  Results  and  discussions 

Wafers  used  in  Ref.  [B.l]  to  monitor  the  stress  stability  had  a  poly-SiGe  film 
deposited  on  top  of  a  2  pm  LPCVD  oxide,  as  shown  in  Figure  B.lc.  This  layer  stack  is 
commonly  used  in  MEMS:  the  thick  oxide  serves  as  a  sacrificial  layer  and  the  poly-SiGe 
serves  as  the  structural  layer.  For  comparison  purposes,  the  results  reported  in  Ref.  [B.l] 
have  been  reproduced  in  this  work,  as  plotted  in  Figure  B.2.  The  measured  stresses  of 
poly-SiGe  and  poly-Ge  on  LPCVD  oxide  become  more  tensile  over  time,  but  all  poly-Si, 
poly-SiGe  and  poly-Ge  films  on  thermal  oxide  or  SCS  are  stable.  These  results  indicate  a 
problem  with  the  LPCVD  oxide.  It  should  also  be  noted  that  poly-Si  films  on  LPCVD 
oxide  are  more  stable  than  poly-SiGe  and  poly-Ge  films  on  the  same  oxide.  This  is 
because,  during  the  poly-Si  deposition,  the  LPCVD  oxide  is  annealed  at  620  °C. 
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Figure  B.2  Stress  stability  of  poly-Si,  SiGe  and  Ge  on  various  substrates. 


Further  experimentation  was  done  with  the  poly-SiGe  on  LPCVD  oxide  wafers 
(Figure  B.3).  If  the  backside  poly-SiGe  films  of  two  similar  wafers  are  removed  at 
different  times,  the  drift  profiles  and  absolute  stresses  of  the  wafers  are  nearly  identical, 
with  an  offset  in  the  x-axis.  When  the  backside  poly-SiGe  and  LPCVD  oxide  films  are 
both  removed,  the  stresses  of  the  topside  poly-SiGe  and  LPCVD  oxide  films  become 
stable.  This  suggests  that  the  stress  drift  reported  in  Ref.  [B.l]  is  due  solely  to  the 
instability  of  the  LPCVD  oxide  film  exposed  to  the  ambient  on  the  backside  of  the  wafer. 
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Figure  B.3  Stress  stability  of  poly-SiGe  on  LPCVD  oxide 


Low-temperature  (450°C)  LPCVD  oxide  films  are  known  to  be  porous  and  of 
poor  quality  [B.4].  In  this  investigation,  different  experiments  were  done  with  LPCVD 
oxide  wafers  to  characterize  its  stability  (Figure  B.4).  The  residual  stress  of  the  as- 
deposited  LPCVD  oxide  wafer  becomes  more  compressive  over  time.  The  “drift”  rate 
slows  over  time.  The  backside  oxide  removal  date  does  not  affect  the  measurement. 
Putting  the  LPCVD  oxide  films  in  a  desiccated  environment  slows  down  the  stress  drift. 
Annealing  the  films  at  615°C  for  five  hours  results  in  a  tensile  film  that  becomes  more 
compressive  more  slowly  than  unannealed  films.  The  above  facts  suggest  that  the 
absorption  of  ambient  water  into  the  LPCVD  oxide  films  is  the  major  cause  of  the 
observed  stress  drift.  As  water  is  absorbed,  the  films  become  more  compressive.  The 
615°C  N2  annealing  appears  to  density  the  oxide  and  decreases  the  diffusion  constant.  It 
is  also  shown  in  Figure  B.4  that  if  a  wafer  is  annealed  136  days  after  deposition  in  N2  at 
425°C  for  an  hour,  the  resultant  stress  was  approximately  that  of  a  fresh  oxide  film.  The 
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stress  drift  of  this  425  °C  annealed  wafer  is  faster  than  a  monitor  wafer  with  the  backside 
also  etched  on  day  136.  Since  the  425°C  anneal  is  lower  than  the  deposition  temperature 
of  450°C,  it  is  unlikely  that  the  anneal  rearranges  or  densities  the  oxide  molecules;  rather, 
the  anneal  most  likely  drives  out  the  absorbed  water.  Ultimately,  the  stress  drift  of  the 
425°C  annealed  wafer  is  faster  than  that  of  the  control  wafer  on  day  136  due  to  a  larger 
moisture  gradient. 
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Figure  B.4  Stress  stability  of  LPCVD  oxide 


Returning  to  the  data  for  poly-SiGe  on  LPCVD  oxide  wafers  in  Figure  B.3,  as  the 
backside  oxide  films  became  more  compressive,  the  poly-SiGe  film  appeared  to  become 
more  tensile.  Data  in  Figure  B.3  also  indicates  that  poly-SiGe  is  an  effective  barrier  to 
moisture.  The  backside  LPCVD  oxide  did  not  drift  until  it  was  exposed  to  the  ambient 
after  the  poly-SiGe  layer  was  removed.  Finally,  the  stress  of  the  frontside  LPCVD  oxide 
did  not  drift  under  the  poly-SiGe  cap. 
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Figure  B.5  shows  the  stress  stability  of  different  oxide  films.  The  stress  of  the 
450°C  LPCVD  oxide  becomes  more  compressive  while  the  stresses  of  the  1050°C  dry 
and  wet  thermal  oxides  are  nearly  stable.  The  stresses  of  TEOS-based  PECVD  oxides 
deposited  at  390°C  also  become  more  compressive,  but  at  a  much  higher  rate  than  the 
LPCVD  oxide  films.  Also,  the  TEOS-based  PECVD  oxide  films  begin  to  saturate  within 
30  days  of  being  exposed  to  the  ambient.  Their  remarkably  high  stress  drift  rate  is 
expected  since  TEOS-based  oxides  are  generally  more  porous  [B.5]  and  the  diffusion 
constant  of  water  is  much  higher.  In  contrast,  silane-based  PECVD  oxide  films  were 
found  to  have  better  stress  stability  in  humid  environments  (data  not  presented  here). 
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Figure  B.5  Stress  stability  of  various  oxides 


B.3  Modeling  thin  film  stress 

We  can  now  turn  to  the  stress  analysis  of  n  thin  films  on  the  frontside  and  in  thin 
films  on  the  backside  of  a  single-crystal  substrate  wafer.  In  this  case,  the  thin  films 
experience  nearly  ideal  biaxial  stress,  or  plane  stress.  Moreover,  the  residual  stresses  in 
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the  films  are  uniform  over  the  wafer,  not  varying  with  direction  or  position.  We  shall 
assume  that  the  thin  films  are  linear,  isotropic  materials.  This  is  reasonable  for 
amorphous  and  poly-crystalline  materials.  The  single-crystal  substrate,  on  the  other  hand, 
is  anisotropic.  However,  proper  choice  of  the  Young’s  modulus  will  minimize  the  error 
introduced  by  this  assumption  [B.6]. 

To  proceed,  we  assume  that  there  exists  a  neutral  axis  in  the  substrate  whose 
position  is  unaffected  by  the  existence  of  the  films.  Further,  it  is  assumed  that  the 
deflections  are  small  and  the  shear  forces  are  negligible.  Finally,  we  shall  assume  the 
residual  stress  in  the  thin  films  is  small  compared  to  the  substrate  stiffness,  allowing  us  to 
neglect  the  contraction/extension  of  the  wafer  caused  by  the  thin  films.  The  material  and 
geometric  constants  of  the  substrate  and  thin  films  are  listed  in  Table  B.2.  Figure  B.6 
illustrates  the  setup  for  two  frontside  and  two  backside  films. 


TABLE  B.2  Material  and  geometric  constants 


Substrate 

Film  ft 

..  Film  fn 

Film  bl 

Film  bm 

Young’s  Modulus 

Es 

Efl 

Efn 

Ebi 

Ebm 

Thickness 

H 

hp 

hfii 

hbi 

•  •  hbm 

Residual  Stress 

0S  =  O 

on 

0fn 

Ctbl 

^bm 

Figure  B.6  Cross-sectional  views  of  a  substrate  with  thin  films  on  both  sides  for  n  =  2 
and  m  =  2:  a)  before  release;  b)  after  release. 


210 


For  uniform,  constant  biaxial  stress,  the  constitutive  relation  relating  stress,  a,  to 


strain,  s,  is: 


cr  = - s  =  E's 

1  -v 


(B.l) 


where  E’  and  o  are  the  biaxial  elastic  modulus  and  Poisson’s  ratio  of  the  material, 
respectively.  Conceptually,  we  imagine  the  wafer  clamped  so  that,  despite  the  thin  film 
residual  stresses,  there  is  no  deflection  of  the  wafer  or  stress-relaxation  of  the  thin-films. 
This  is  the  “Before  Release”  state.  Next,  we  imagine  the  wafer  released  from  its  clamps 
and  deforming  to  an  equilibrium  state:  the  “After  Release”  state. 

The  system  is  in  static  equilibrium  after  release.  Therefore,  the  net  moment  per 
unit  length  of  the  system  after  release,  Mar,  must  equal  the  net  moment  before  release, 
Mb,-.  Before  release,  the  moments  are  due  only  to  the  thin  films: 
hA+fo) 

n  /  2.  m  /  2.  n  m 

M  hr  =X  J  -  Z  j  GVZdZ  Fii)  =  ZA fi  ’  BU)  =  X  K 

i=1  ~H/2  J= 1  -h/2~bU)  ,=1  j=1 


—  f 


Yjanhr, 

j= i 


/= 1 


(B.2) 


After  release,  the  substrate  develops  a  balancing  moment  via  pure  bending,  Mar: 


H  _ 


H/ 


/z  /z  Zz  F  '  1 

Mar=  j  a  'zdz  -  J  E  ' — dz  -  — —H3 
-H/  -H/  R  12 R 

n  n 


(B.3) 


where  R  is  the  radius  of  curvature  of  the  wafer.  Recall  that,  for  static  equilibrium  after 


release,  we  require  Mar  =  Mb,-.  Hence,  equating  (B.2)  and  (B.3): 


]_ 

6 


f  r  A 


kRj 


Hz 


Z  a  ,ih  fi  -  Z  (Tb  jhbj 


j= 1 


(B.4) 
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The  Tencor  FLX-2320  measures  the  change  in  the  radius  of  curvature  of  a 
substrate  caused  by  the  stress  of  a  thin  film.  The  stress  of  the  thin  film  is  calculated  with  a 
simplified  version  of  Eq.  (B.4): 


f 


a 


measured 


kRj 


H1 

h  f 


-  =  cr, 


(B.5) 


which  is  appropriate  for  single  layer  thin  films  as  shown  in  Fig.  la  &  b. 

For  the  bi-layer  stacks  shown  in  Fig.  lc,  Eq.  (4)  can  be  simplified  to: 


1 


’  measured 


kR  j 


FT 


h 


~  17  SiGe  +  <Jox(f) 


ox(f) 


h. 


- 


ox(b ) 


(B-6) 


SiGe 


h  °x(b)  h 

nSiGe  n 


SiGe 


If  the  stresses  of  the  frontside  oxide  and  the  backside  oxides  are  cancelled  out,  Eq.  (B.6) 
would  be  equivalent  to  Eq.  (B.5)  and  the  measured  stress  would  be  the  true  SiGe  film 
stress.  Flowever,  the  backside  oxide  absorbs  moisture  and  becomes  more  compressive; 
whereas  the  stress  of  the  frontside  oxide  is  constant  under  the  SiGe  cap.  Therefore,  the 
measured  stress  is  not  the  true  stress  of  SiGe  film  once  the  backside  oxide  starts  to  absorb 
moisture.  An  apparent  stress  drift  of  the  SiGe  film  is  observed  and  qualitative  agreement 
with  the  oxide  stress  change  is  found. 


B.4  Summary 

The  average  residual  stresses  of  poly-Si,  poly-SiGe,  poly-Ge,  and  thermal  oxide 
are  stable  in  ambient  conditions.  Poly-SiGe  remains  a  promising  material  for  modular 
MEMS  integration.  LPCVD  and  TEOS-based  PECVD  oxides  absorb  moisture  and 
become  more  compressive  in  a  humid  environment.  Due  to  their  high  deposition  rates, 
LPCVD  and  PECVD  oxides  are  often  used  as  MEMS  sacrificial  layers.  However,  the 
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stress  drift  in  sacrificial  materials  is  not  anticipated  to  affect  the  mechanical  properties  of 
the  MEMS  structure  layers  since  they  are  eventually  removed. 
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Appendix  C:  Tystar20  Logbook 


The  process  logbook  was  created  to  monitor  the  LPCVD  reactor  (Tystar20)  and 
sustain  the  process.  This  logbook  is  a  more  comprehensive  summary  of  the  reactor  than 
the  Microlab  wand  system  record,  as  it  includes  the  process  conditions,  fault  reports,  and 
maintenance  comments.  Users  are  required  to  enter  pre-deposition  standby  conditions, 
deposition  recipe,  and  process  comments  in  the  Wand  system.  Standby  information 
including  temperature,  process  pressure  (PRCPR),  N2dope  flow  rate,  and  injector 
pressure,  are  recorded  at  the  standby  mode  to  track  the  injector  condition.  Deposition 
information  includes  temperature,  pressure,  gas  flow  rates,  and  deposition  time.  Users 
can  also  enter  observations  in  the  comment  log.  When  there  is  a  problem  with  the  reactor, 
users  enter  a  fault  report  in  the  Wand  system  and  equipment  staff  will  diagnose  the 
problem  and  enter  a  maintenance  comment.  Failure  analysis,  design  improvement  and 
new  process  qualification  have  been  studied  based  on  the  historical  information  of  the 
reactor  recorded  in  the  logbook. 

It  should  be  noted  that  process  conditions  entered  by  users  are  sometimes 
incomplete  and  contradictory.  Some  of  the  process  conditions  can  be  retrieved  in  the 
furnace  condition  recording  computer  inside  the  Microlab.  However,  the  computer  does 
not  have  a  record  of  the  injector  pressure,  and  the  injector  condition  has  to  be  monitored 
manually. 
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j  Standby  constions 

1  Deposition  conditions 

User 

Dale 

Standby  Stnbyinj. 

Standby 

PFCPR 

Standby 

Inj.  Press. 

Time 

Temp 

SiH4 

B2H6  BCE 

GeH4 

Press 

Comments 

Temp.  Press 
TO  (Ton) 

(mTore) 

N2DOPE 

(Tore) 

(mm) 

TO 

(seem) 

(seem)  (seem) 

(seem) 

(mTore) 

Wchdy 

12/5/2002 

New  injector 

christop 

12  ft/2002 

6.46 

102 

3.9 

670 

425 

100 

60 

60 

400 

Uniform -K2 .5%.  10  Ohm/eq 

christop 

12/6/2002 

4 

270 

425 

100 

60 

58 

400 

uniform 

me  Tran. 

12/11/2002 

3- 

60 

450 

100 

60 

60 

600 

LowR,  unifbrm 

THry  )  III  1  fc 

12/13/2002 

3.~ 

60 

450 

100 

60 

60 

600 

Low  R,  uniform 

dnistop 

12/16/2002 

Christop 

12/17/2002 

6.7 

4.6 

240 

425 

100 

60 

58 

400 

uniform 

Wehdy 

12/18/2002 

New  injector 

Chrietop 

12/18/2002 

3.5 

30 

425 

100 

60 

58 

400 

coat 

Christop 

12/19/2002 

Bbiehn 

1/6/2003 

753 

3.77 

67 

425 

100 

60 

70 

300 

159 

425 

100 

60 

58 

600 

BkJtehn 

1/7/2003 

738 

134 

425 

100 

60 

70 

300 

Blake  tin 

1/8/2003 

6.68 

101 

895 

201 

425 

100 

60 

70 

300 

53 

425 

100 

60 

58 

600 

bhtelm 

1/10/2003 

70S 

101 

895 

171 

450 

100 

60 

70 

400 

Suy 

1/16/2003 

726 

102 

893 

4.82-4.85 

90 

450 

100 

60 

58 

600 

Wlow 

1/16/2003 

4.7 

150 

400 

100 

60 

25 

800 

uniform 

Wlow 

1/17/2003 

6.29 

30 

450 

85 

SO 

90 

600 

Not  uniform,  more  than  100%  resistance  variation 

Wehdy 

1/17/2003 

GeH4  task  changed. 

Takeuchi 

1/21/2003 

Wehdy 

1/22/2003 

High,  injector  pressure  during  depo.  Resistivity  10X  higher,  also 

cross  wafer  variation.  Change  injector 

Wlow 

1/22/2003 

4.13 

150 

400 

100 

60 

50 

800 

uniform 

Wlow 

1/22/2003 

5.08 

30 

450 

85 

SO 

90 

600 

Bottom  part  of  wafer  has  40%  less  resistivity 

Me  Tram 

1/22/2003 

4.4 

450 

100 

60 

60 

600 

TycteriSTc  process  tifoe  cracked  jesterday.  Not  unexpac  1e  d  givsn  the  bourn  of  deposition.  We  will  rebuild  the  tribe  with  new  quaitewane  which  we  modified.  We  have  increased  the 

i  fumni 

length  erf  our  liner  and  dec  leased  the  diameter  of  our  heat  baffle  e  to  protect  the  area  where  failure  have  occurred.  This,  Id  extend  quarizwaie  lift  time.  These  mods  should  have  no 

UUU 

1  /  XH/  AJUJ 

effect  on  overall  dimensions  or  the  placement  of  the  injector  and  should  not  effect  process  and  do  not  present  a  delay.  The  tube  was  used  for  731  hours  during  the  period  07/25/02 

through  01/27/03.  New  tube,  new  injector,  new  liner. 

Wehdy 

1/27/2003 

New  injector 

Cbellaw2 

1/28/2003 

Meyoum 

2/2/2003 

-109 

60 

450 

100 

60 

60 

600 

Film  is  veryhazyand  non-uniform  Resistivity  is  high 

Meyoum 

2/2/2003 

60 

450 

100 

60 

60 

600 

nucyuom 

2/2/2003 

60 

450 

100 

60 

60 

600 

Weirdy 

2/4/2003 

HaxyfiJm  and  high  resistivity.  Change  injector 

Jumawmc 

2/5/2003 

Calibration  from  300-500C 

Yanw 

2/6/2003 

Btakehn 

2/6/2003 

6.- 

101 

893 

4.- 

150 

400 

100 

60 

30 

600 

Go  od  amo  rphous  film 

Blais  bn 

2/7/2003 

683 

101 

893 

395 

210 

380 

100 

60 

30 

600 

Good  amorphous  film 

Bhkehn 

2/9/2003 

7  JOB 

101 

895 

422 

210 

390 

100 

60 

30 

600 

Go  ad  amorphous  film 

Wlow 

2/11/2003 

735 

101 

895 

4.54 

150 

400 

100 

60 

50 

800 

Very  uniform  film  1%  R  variation  across  wafer/load 

Wlow 

211212003 

806 

102  (after) 

893 

4.64- 

120 

425 

100 

60 

50 

800 

Uniform  looking,  15%  R  variation 

Mb  Tram 

211312003 

113(?) 

5.3 

450 

100 

100 

100 

600 

RjftlrftHn 

211912003 

782 

101 

89.4 

4.81 

150 

395 

100 

60 

30 

600 

Elsie  bn 

211912003 

N/A 

N1A 

N/A 

150 

395 

100 

60 

30 

600 

No  standby  between  runs 

Elsie  bn 

212112003 

823 

101 

895 

522 

150 

425 

100 

60 

70 

400 

Elute  He 

212112003 

N/A 

N1A 

N/A 

5.46 

53 

425 

100 

60 

58 

600 

No  standby  between  runs: 

Mb  poum 

212212003 

8.7 

60 

450 

60 

60 

60 

600 

Newganuc  recipe,  process  aborted  during  dspo.Ge 
tank  empty. 

Wehdy 

212412003 

Replace  Ge  tenL 

Mr  Tim 

212412003 

5.9 

60 

450 

100 

60 

60 

600 

Film  is  uniform,  but  resishvityis  very  high 

Equevy 

212312003 

893 

101 

892 

0.2 

300 

425 

0 

0 

0 

400 

Annealing  run 

wlow 

212612003 

T  mu:  piiftiTiHTng  a  pressure/flow  test  through  the  injector  when  the  screen  locked  up. 

Wehdy 

212712003 

Reset  Lysfau20  compotei. 

Suy 

212712003 

3.~ 

410 

425 

100 

20 

70 

400 

B2H6  tank  pressure  down  to  45  psi 

Meyoum 

212812003 

N/A 

35 

375 

0 

0 

120 

600 

First  wafer  is  fine,  and  second  is  not  uniform.  Event  out 
of  standby  recipe! 

bob 

31312003 

New  door,  new  injector,  sew  B2H6  tank.  New  gas  flange  has  been  installed.  Base  pressure  and  rate  of  rise  are  good. 

Wekdy 

31412003 

Replace  H2H6tank. 

Equsvy 

31512003 

635 

101 

89.4 

0.2 

300 

400 

0 

0 

0 

400 

Thermal  annealing 

Wlow 

31612003 

350.1  635 

101 

893 

6.89 

150 

400 

100 

60 

25 

800 

Same  recipe  as  before,  wafers  changes  from  amorphous 

Meyoum 

31612003 

350  69 

399 

50 

325 

100 

60 

60 

600 

euy 

31712003 

350  653 

101 

893 

4.09 

60 

450 

100 

60 

58 

600 

Adjusted  boat  position.  Loadboat:  15.5  in.  Center  boat: 
24  in,  Fumpboat  32875  into  the  back  of  the  door 

Wlow 

31712003 

3725 

101 

893 

150 

400 

100 

60 

25 

800 

Injector  pressure  gauge  got  turned  off 

Wehdy 

311012003 

Found  power  strip  power  on  button  failed . 

Replaced  power  strip  with  spore 

Meyoum 

31812003 

89 

30 

400 

0 

60 

180 

300 

Zhiyu 

311112003 

400, 

650m 

Zhiyu 

311212003 

0.4 

4.8 

EL  60’650m 

48;  650m 

Suv 

311312003 

350  787 

101 

898 

529 

60 

450 

100 

60 

58 

600 

Zhiyu 

311412003 

5.78 

100 

60 

25 

400 

Zhiyu 

311612003 

3.6 

100 

20 

25 

l11  time:  process  sto  pped  be  cause  SiH4  low  (actually 

Zhiy u 

311812003 

not  true)  2nd  time :  stopipe  d  at  DTEQ.  C  annnt  run 
boat  out  recipe 

Weirdy 

311812003 

Found  tyster20  in  manual  mads.  Placed  ty5lar20  in  auto  node. 

Suy 

311812003 

Quartz  tube  is  broken,  did  not  do  a  run 

Weirdy 

41312003 

Re  placed  quartz  trie  and  brier  (enabled  176  hr,  53  hrofdepo) 

Installed  new  TC  sheath  and  split  TCcovbt.  Base  pressure  12mT.Rale  of  rise  15  mTftnincold,  Have  turned  on  the 

filing  circuit  After  re  aching  operating  temp,  base  pressure  is  7  «T,  and  rate  of  rise  is 

6  mT/min. 

Wekdy 

4/3/2003 

New  injector 

Wlow 

4/3/2003 

349.5 

6j67 

101 

895 

4.12 

150 

400 

100 

60 

50 

800 

Me  7mm 

4/3/2003 

4.11 

60 

400 

100 

60 

60 

600 

No  standby  between  runs. 

Yenw 

4/3/2003 

660 

375 

0 

0 

105 

600 

Nucleation:  450C,  300mT,  180  scmdisilane,  2m in 

Blahs  bn 

4/4/2003 

7D9 

101 

893 

150 

425 

100 

60 

70 

400 

Mb  Tram 

4/4/2003 

M07OTUH 

4/5/2003 

4.41 

60 

425 

100 

60 

60 

600 

linganK 

140 

425 

100 

60 

65 

400 

Wekdy 

4/8/2003 

Rs  place  Ge  feat. 

Mb  worn 

4/8/2003 

75 

100 

89 

4.47 

425 

0 

60 

200 

900 

Sheet  resistance  1.6  Ohm/sq 

Wlow 

4/9/2003 

3505 

756 

101 

896 

5.05 

150 

400 

100 

60 

35 

600 

Resistivity  not  uniform.  Could  be  at  transition  of 
amorphous  and  poly. 

evan 

4/10/2003 

Pump  got  stmt  off.  Process  abo  rte  d  to  hold  ste  p.  Pump  control  switc  h  hits 

cooling  H20 

pipe  wken  access  door  is  o  pen.  Pump  restarted  OK . 

wlow 

4/11/20Q3 

346 

8.14 

101 

90 

5.15 

150 

400 

100 

60 

35 

800 

LroEane 

4/13/2003 

350 

8J01 

101 

350 

0 

60 

200 

300 

Standard  nucle  at  ion 

Zhiyu 

4/22/2003 

lioRauR 

4/22/2003 

355 

924 

101 

5.13 

350 

0 

60 

200 

300 

Wekdy 

4/29/2003 

Injector  pessure  92.  New  injector 

Zhiyn 

4/30/2003 

4.16 

350 

200 

0 

20 

400 

Zhiyu 

4/30/2003 

350 

100 

85 

400 

LioEanc 

4/30/2003 

350 

12J06 

101 

895 

Requested  injector  change,  didn’t  do  a  run 

Wekdy 

5/1/2003 

Injector  pessure  12J09.  New  injector 

Wlow 

5/1/2003 

321 

663 

102 

895 

3.9 

150 

400 

100 

60 

50 

800 

Jimmjgmc 

5/2/2003 

Calibration  from  300-450C  and  300C 

LraRaaE 

5/3/2003 

350 

101 

90 

4.3 

280 

425 

100 

60 

65 

400 

Line  me 

5/3/2003 

280 

425 

100 

60 

65 

400 

No  standby  between  runs 

yanw 

5/3/2003 

Tie  computer  locked  np  when  inputting  punmeters 

Wekdy 

5/5/2003 

P“  reset  ^rtafl0  “d  re  loaded  configuration  and  stantfcymcipe 

Sny 

5/5/2003 

724 

4.34 

60 

425 

100 

60 

70 

400 

6”  wafer 

Linsue 

5/6/2003 

350 

76 

101 

90 

60 

300 

200 

300 

Depo  inj  t  press  not  recorded 

Found  TCU  green  light  out  and  red  light  oil  Tried  to  reset  several  times  and  clean  edge 

card  connector  and  tighten  up  chips  and  it  was  still  on.  Replace  TCU  broad  with  spare  .  TCU 

Wehdy 

5/13/20Q3 

now  functions  OK.  Center  zone  profile  TC  signal  reads  2.7  mvdc  with  a  volt  me  ter  which  is  about  270  C,  but  when  it  is  plugged  in  reeds  32  C.  Have  remove  dc  enter  TC  and  tyst&^O 

has  switched  b  backup. 

Wekdy 

5/14/2003 

Re  mate  hed  DCS -30  b  FCS  10  temps.  Reset  TCU  and  reset  software  reset  Temps  now  read  normal  and  controlling.  Have  started  calibration. 

wekdy 

5/15/2003 

Replace  Gee 

nwiR  talk 

Jimmygmc 

5/16/2003 

Temp caHbmtion finished  at  300  C. 

Yenw 

5/18/2003 

300 

721 

101 

89.7 

0.21 

600 

375 

0 

0 

105 

600 

Mucleationtemp  400,  Si2H6  180,  prs  300,  time  10  min 

Jimmygmc 

5/20/2003 

calibration 

TUelcelm 

5/20/2003 

7.41 

101 

895 

4.56 

150 

425 

100 

60 

70 

400 

Blais  tin 

512012003 

50 

425 

100 

60 

58 

600 

No  standbv between  runs. 

Linfpuw 

512112003 

350 

7.46 

101 

90 

4 

300 

0 

60 

200 

300 

Equrw 

512312003 

7.7 

102 

90 

120 

350 

0 

60 

200 

300 

Expected  thickness  2  nm 

Lingang 

512812003 

7.7 

101 

89 

290 

425 

100 

60 

65 

400 

Eqosvy 

5129/2003 

350 

0 

60 

200 

300 

Can't  re  ra  id  standbv  parameters. 

Equevy 

61512003 

832 

102 

899 

120 

350 

0 

60 

200 

300 

Nucleate  n  5  min 

bob 

611112003 

Tie  TH8n  mechanical  pomp  lias  frozen.  Protocols  from  Edwards  for  rotating  the  pump  did  not  free  the  rotor.  The  pump  will  be  replaced. 

Wekdv 

611312003 

Replace  mechanical  piimp .  Pumped  down  to  base  pressure  of  1 1  mT,  rate  of  rise  is  12  mT/min. 

jimmygmc 

611612003 

Mb  Tram 

611612003 

4.8 

350 

0 

60 

200 

300 

Furnace  stated  at  idle  mode,  no  etandbyinfo. 

Blais  tin 

611712003 

350 

8.46 

112 

89.4 

425 

100 

60 

70 

400 

Rhlrelm 

611712003 

330 

425 

100 

60 

58 

600 

No  standby  between  runs. 

WLow 

611712003 

444 

1152 

101 

90 

6.54 

150 

400 

100 

60 

35 

800 

Ge  tank  empty,  process  aborted. 

Mcneil 

611812003 

Replace  Ge  fank. 

BUketin 

611812003 

The  6 "boat  has  bte  of  particles. 

Wetiriy 

612012003 

New  injector 

wkrw 

612012003 

Ran  the  standby  recipe  for  Si2H6 

coating,  and  found  the  furnace  in  special  ho  Id  mode.  Checked  history;  the  process  foiled  the  leak  check. 

bob 

612012003 

Tjsfai20  has  been  take  n  out  of  "special  hold”  and  re  turned  to  service. 

Me  Tram 

612312003 

Found  furnace  in  idle  mode;  no  standby  info.  Quartz  tube  broken 

Wehrtv 

613012003 

Change  quartz  td».  (enabled  277  hi,  S3  hrofdepo) 

wlow 

71212003 

Cannot  run  recipe.  Error  msseage 

■MF3/TCU  I/O  error  or  manual  mode  prevents  run". 

Wetidv 

71212003 

Found 460  #2  in  manual.  Placed  it  into  auto.  Started  standby  recipe. 

Wlnw 

71212003 

4412 

7.75 

112 

898 

4.43 

60 

450 

100 

60 

58 

600 

Wlow 

7/312003 

3476 

725 

112 

893 

440-4.50 

280 

425 

100 

60 

65 

400 

Excellent  uniformity 

Wlow 

71612003 

3503 

763 

112 

89 

455 

150 

400 

100 

60 

35 

800 

Very  uniform 

Wlow 

71612003 

4.71 

150 

400 

100 

60 

25 

800 

No  standby  between  runs.  Cloudy  wafer,  resistivity  rot 
uniform. 

WLow 

71612003 

5.6 

30 

450 

85 

80 

90 

600 

No  standby  between  runs  Resistivity  has  1 0%  variation 
across  wafer,  sand  40%  variation  across  load 

Wlow 

717/2003 

350 

807 

112 

893 

4.85-491 

150 

400 

100 

60 

35 

800 

Resistivity  not  unifo  rm,  varies  in  4  o  rde  rs  of 
magnitude . 

Wlow 

71712003 

5.00-5.07 

150 

400 

100 

60 

25 

800 

No  standby  between  runs.  10%  variation  in  resistivity. 

Wlow 

71712003 

520-5.23 

150 

400 

100 

60 

35 

800 

No  standby  between  runs.  Resistivity  10Dx  higher  than 
expect.  100%  variation  across  wafer. 

Ningc 

71812003 

450 

Film  is  cloudy 

Meyoum 

71812003 

53-5.8 

240 

425 

100 

60 

60 

400 

No  standby  infb  between  runs.  Film  has  unifbtm 
resistivity.  Process  aborted  during  AFBG. 

Wlow 

71912003 

348 

9J 

112 

893 

Furnace  monitoring,  didn’t  do  a  nm.  Request  injector 
change. 

Wetidv 

711112003 

GetclondyOlu.  New  injector 

to 

to 

o 


Wlow 

7/13/2003 

3522 

702 

112 

892 

30 

450 

85 

SO 

90 

600 

Forgot  to  check  injector  pressure  during  depo. 
Ressiiivity4X  higher  than  expect.  20% variation  across 
No  standby  between  runs.  Film  has  excellent 

Wlow 

7/13/2003 

4.39-441 

150 

400 

100 

60 

40 

800 

uninformative  in  R.  2%  variation  across  wafer  and 
load. 

Wlow 

7/13/2003 

4.38-4.44 

150 

400 

100 

60 

40 

400 

No  standby  between  runs.  10%  R  variation  across 
wafer.  40%  across  load. 

Wlow 

7/14/2003 

3482 

731 

112 

89.3 

4.41-454 

60 

400 

100 

60 

25 

800 

Film  is  cloudy.  R  varies  in  orders  of  magnitude. 

Wlow 

7/14/2003 

4.55-461 

90 

400 

100 

60 

25 

800 

No  standby  between  runs.  Film  is  cloudy. 

Wlow 

7/16/2003 

3495 

7.49 

112 

89.4 

4.62-468 

150 

400 

100 

60 

50 

800 

Good  film.  5%  variation  of  R 

■Mi. 

7/17/2003 

3478 

7/53 

112 

89 

240 

350 

0 

0 

200 

300 

Cloudy  film 

ghlTm 

7/18/2003 

3448 

763 

112 

89.4 

240 

350 

200 

(disilane) 

0 

200 

300 

Good  film 

Wlow 

7/18/2003 

4455 

8.43 

114 

89.2 

4.73 

150 

400 

100 

60 

50 

800 

Good  film  5%  variation  in  R 

eqoffvy 

7/20/2003 

787 

112 

89.6 

120 

350 

60 

200 

300 

Nuclaation400C,  300mT,  Si2H6  200, 5  min.  Expect  2 
urn  film 

Equsvy 

7/23/2003 

Abort.  Ge  tank  empty 

Wehdy 

7/23/2003 

Ge  tank  changed. 

Wlow 

7/24/2003 

3519 

801 

112 

89.6 

5.01 

150 

400 

100 

60 

50 

800 

Excellent  film 

Wlow 

Mejoum 

7/24/2003 

7/25/2003 

450 

9.4 

90 

5.10-526 

210 

120 

400 

350 

100 

60 

60 

50 

200 

800 

300 

No  standby  between  mns.  Excellent  film. 
Nucleation350C,  SiH4  200, 300  mT,  5  min.  Abort 
during  nucleetion  step 

me^ouu 

7/25/2003 

4.8 

150 

350 

60 

200 

300 

No  standby  info.  Nuclsation  3  50C,  SiH4200, 300  mT, 

5  min 

Jimmygmc  7/26/2003 

Modify  recipe  and 

nowusexs  can 

deposit  pofysihcon  in 

tystar20.  Phosphine  is  the  dopend  gas. 

Bean 

Bean 

7/26/2003 

7/28/2003 

300 

No  standby  info  . ‘buffer  queue  emor"  during  backfi!15 
o  f  boata  ut  Jimmy  thought  compute  r  crashed. 

No  standby  info.  Abort  after  6  hr  of  depo.  Jimmy  found 
SiH4outof  tolerance. 

Been 

7/29/2003 

300 

Jimmy  re  started  the  process  and  let  it  run  for  the 
remaining  time.  7  hr  total. 

No  standby  info .  Abort  after  45  min  of  depo.  Failed  3 

Bean 

7/30/2003 

615 

0 

375 

times  after  about  20  mins  etch  due  to  low  phosphine 
fkiw.  The  film  looks  metallic  as  expected. 

Jimmjgmc  113017003 

Wehriy  7/30/2003 
Wehriy  7/30/2003 
ebkim  7/31/2003 


Tried  to  restart  Bean's proc ess.  The  process  aborted  due  to  PH3  low  alarm  alter  15-20  mins  depo . 
{io  cess. 

B2H6  tank  changed. 

Replaced  quartz  cover  fbr  the  lilting  fort 

896  |  450  100  60 


Move  recipe  to  wait  step.  Will  check  PH3  line .  Tystai2  0  is  down  for  doped  poly 


58  600  | 


Equevy 

7/31/2003 

120 

330 

0 

60 

200 

300 

Event  out  of  standby,  nucleation,  400C,  300mT,  Si2H6 
200, 5  min,  expect  2um  film,  film  boks beautiful 

Equcvy 

8/3/20Q3 

924 

112 

8 96 

140 

425 

100 

60 

60 

400 

nucleation,  400C,  300mT,  Si2H6  200, 10  min,  expect 

2 urn  film,  film  boks  beautiful 

Equevy 

8/4/2003 

93 

111 

89.6 

6.09 

425 

100 

60 

60 

400 

nucleation,  400C,  300mT,  Si2H6  200, 10  min,  film 
looks  abit  ebudy.  This  run  has  vary  different  Ge 
content  with  the  previous. 

to 

to 


bob  8/6/2003 
Prof  King  8/6/2003 
jimmygmc  8/6/2003 
Wehriy  8/11/2003 


wbw  8/11/2003 


bob 

wehdy 

taiencM 


8/12/2003 

8/13/2003 

8/13/2003 


bob  8/19/2003 


wehdy 

Wehdy 

rqnrvy 

Wehriy 

Wehriy 

Wehdy 

Wehriy 

Wehriy 


8/20/2003 

8/20/2003 

8/21/2003 

9/5/2003 

9/8/2003 

9/8/2003 

9/9/2003 

9/10/2003 


433 


744 


114 


89.7 


4.33-438  90 


450 


100 


60 


58 


600 


TestedGeH4 MFC.  0-200:25  seem -58  mT,  50  seem  —  90  mT,  100  seem  -  140  mT.  0-50:  25  seem  -  61  mT,  50  seem  -  94  mT. 

Standard  SiGe  process  is  down  doe  to  phosphorus  out-diffusion  by  the  doped  polyprocess.  Dope  poly  process  should  be  shut  off. 
getiidoffpolySi  recipe 
Haw  injector 

i 

Standard  MEM5  exchange  recipe  for  monitoring  the 
furnace .  Eight  wafers  were  placed  at  fha  two  ends 
(skipping  the  first  slot)  of  both  4"boats.  Resistivity  is 
pretty  much  uniform.  20%  variation  across  wafer.  5% 
variation  across  metal  boat  to  the  bad  side  offhe  non- 
metal  boat.  The  pump  side  ofthe  non-metalboat  has 
sigmfic  antly  low  R,  half  of  other  wafers/ 

There  ie  a  -  3*/.  diecrepancybetween  the  0-50  and  0-200  eccm  Germane  MFC  at  50  eccm.  A  freely  calto  rated  0-200  seem  MFC  has  be  an  procurred  and  will  be  installed  to  fix  this 
Changed  GeH4HI  MFC.  Flowed  GeH4  into  lo  and  hi  MFCs.  GeH4LO  25sccm=61  mtorr,  50sccm=94mtorr,  GeH4HI  25sccm=56  mtorr,  50accm=83mton,  I00sccm=130mtorr. 

I  |rec ipe  ab  orte d  due  to  Ge H4Hi  leak 

The  recipe  switch  for  delivery  of  dopant  gases  to  the  gas  ring  and  injector  is  not  working.  Dopant  can  only  be  delivered  to  the  injector,  /imm  has  traced  thB  failure  to  one  ofthe 
pneumatic  valves  tint  switch  gas  delivery. 

Changed  GeH4HI  MFC.  Flowed OeH4  into  lo  and  hi  MFCs.  GeH4LO  25sccm=61  mtorr,  50sccm=94mtoir,  GeH4HI  25sccm=61mton,  50sccm=90mtorr,  100sccm=144mtorr. 

Changed  out  nupo  on  injector  line.  PH3  no1 w  flows. 

nucleation,  400C,  300mT,  5i2H6  200, 10  min,  expect 
2.2  urn 

Changed  quertzwere  (not  broken,  enabled  2 1 3  hr,  66  hr  of  depoX  ne  w  tub  e  ne  w  canlileve  r  she  aths  and  gas  ring .  Re  installed  rear  piping,  TC,  he  at  baffle  s  and  boats .  Lowest  base 
pressure  is  22  mT.  Rata  of  rise  is  35  mT/min. 

Base  preessum  is  at  11  mT  andmta  of  rise  at  15  mT/min  cold.  Have  turned  on  the  firing  circuits. 

Pumpis  making  noise.  It  hasbeen  checked  out  and  filled  with  Di  water  and  oil.  Bass  pressure  and  rate  of  rise  are  good.  Tystar20  neads  dummy  wafers  and  a  coating  run. 

Pftyfhrmieg  rfnwiwM  iHMWteiwwM 

Maintenance:  Coaling  nm  hasbeen  completed.  Cali) ration  has  been  completed  at  400, 450, 500  C. 

nukeation,  400C,  300mT,  Si2H6  200, 5  min 
The  2  wafers  place  don  the  bad  side  ofthe  loadboat(l 
dummy  in)  were  a  little  cloudy  and  there  was  a  dark 
spot  (unclouded  on  the  lower  quadrant  ebsest  to  me  as 
nukeation,  400C,  300mT,  Si2H6  200, 5  min 


721 


112 


893 


4.26 


280 


425 


100 


60 


60 


400 


equevy 

9/10/2003 

4.22 

60 

350 

0 

60 

200 

300 

ebkim 

9/11/2003 

350 

799 

107 

898 

4.65 

60 

425 

100 

60 

60 

400 

guddal 

9/12/2003 

4.71 

60 

425 

100 

60 

60 

400 

ray 

9/15/2003 

350 

7.72 

110 

89.7 

0.16 

60 

425 

100 

0 

60 

400 

film  looked  real  bad,  parts  fbthe  wafer  are  very  dull, 
only  the  center  looks  shiny,  perhaps  reaction  was  really 

Mt«mm 

9/16/2003 

4.8 

90 

425 

100 

60 

60 

600 

Meyoum 

9/16/2003 

120 

350 

0 

60 

180 

300 

tulayar 

Ms  9mm 

9/16/2003 

90 

425 

100 

60 

60 

600 

Mb  youm 

9/17/2003 

330 

1031 

89.9 

5.14 

90 

425 

100 

60 

60 

600 

Ms  form 

9/17/2003 

120 

350 

0 

0 

180 

300 

tnlayar 

Ms  9mm 

9/17/2003 

5.16 

90 

425 

100 

60 

60 

600 

suy 

9/18/2003 

350 

824 

111 

90.2 

0.03 

60 

425 

100 

0 

60 

300 

Nucleation400C,  300mT,  Si2H6  100, 20  min.  The 
centerboatcoverhas  a~l"  long  piece  broken  off. 

Wekriy 

9/19/2003 

bgectorpes 

S1K  TtifflT 

9.  Newinjectar 

|nuceation,  400  C,  300  mT,  Si2H6  200, 5  min. 

wtow 

9/21/2003 

350 

606 

111 

90.1 

|  3.65 

330 

400 

100 

60 

50 

800 

Wehdy 

9/22/2003 

Replace  boAen  boat  cover. 

Wehriv 

9/22/2003 

GeH4  tank  change. 

wtow 

9/22/2003 

350 

6.17 

110 

89.9 

3.74-391 

440 

400 

100 

60 

50 

800 

nucleation,  400C,  300  mT,  Si2H6  200,  5  min.  There  is 
a  ring  at  the  bottom  of  wafers  clo  ser  to  the  pump. 

ebkim 

9/23/2003 

390 

6j6 4 

111 

89.6 

5.52 

30 

425 

100 

0 

60 

400 

undoped  SiGe  with  N2Dope  flo  w  if  60  throng  h  the 
injector. 

chenyj 

9/24/2003 

330 

688 

112 

896 

0.05 

270 

430 

0 

0 

0 

300 

nucleation,  450  C,  300  mT,  Si2H6  200,  1  min.  Didn't 
realize  there  is  no  input  for  Si2H6  in  depo .  Ended  up 

wtow 

9/24/2003 

449 

706 

112 

896 

3.97-401 

150 

400 

100 

60 

50 

800 

Bilayer  deposition.  Nulceation,  400C,  300mT,  Si2H6 
200, 5  min.  Three  wafers  are  at  the  centerboat.  The 
one  at  the  loadendis  fine.  The  ones  in  the  middle  and 

wio  w 

9/24/2003 

4.03-408 

150 

400 

100 

60 

45 

800 

atthe  pump  end  have  rings  at  the  bottom  again.  Injector 
flow  issue. 

merport 

9/23/2003 

Gemmae  end  dsdlaue  usage  will  no  longer  be  logged  manually  at  the  end  of  your  runs.  The  usage  will  be  determined  from  flow  sensors  automatically. 

ebkoo 

9/23/2003 

1 

1 

|waa  not  able  to  run  the  process. 

Kiiwh 

9/23/2003 

The  injector  me  cleaned  out  about  a  week 

ago,  and  thare  appear  to  ba  problems  already.  Perhaps  fhs  injector  c he aning/nepiacement  process  is  not  working  properly. 

Meyuum 

9/23/2003 

350 

65 

0 

896 

0.02 

120 

350 

0 

0 

ISO 

300 

nucleation,  350  C,  300  mT,  Si2H6  100,  10  mins.  Film 
is  nice  and  uniform. 

ebtim 

9/26/2003 

Please  flow 60  seem  of  N2Dope  when  running  undoped  poly-S  iGe  process 

so  that  the  injector  doesn't  get  clogged.  Jimmy  wrote  up  a  new  recipe  especially  for  this  purpose  with  a 

bramble  flow  rate  input  for  N2Dope:  UDSIGEA.020 

Meyoum 

9/26/2003 

347 

667 

111 

89.9 

3.6 

120 

330 

0 

60 

ISO 

300 

nucleation,  350  G,  300  mT,  Si2H6  100, 10  mine.  Film 
is  nice  and  uniform. 

yamr 

9/26/2003 

445 

669 

111 

89.9 

0.02 

360 

375 

0 

0 

180 

300 

nucleation,  400  C,  300  mT,  Si2H6  200,  5  mine.  Film  is 
nice  andunifbrm. 

Me  yuujn 

9/27/2003 

350 

6.46 

112 

89.9 

3.45 

90 

425 

100 

60 

60 

600 

nucleation,  425  C,  400  mT,  Si2H6  100,  10  mins.  Film 
is  nice  and  uniform. 

RblaTin 

9/27/2003 

4.75 

483 

425 

100 

60 

65 

400 

No  standby  info .  Bilayer  run. 

flblaTin 

9/27/2003 

4.8 

28 

425 

100 

60 

58 

600 

yum 

9/28/2003 

350 

7.72 

112 

90.2 

0.03 

300 

375 

0 

0 

ISO 

300 

Continue  depo.  No  nucleation.  Film  looks  fine. 

Wehriy 

9/29/2003 

Replace  injector  doe  to  the  ring  at  the  bottom  of  the  waftr. 

Wehdy 

9/30/2003 

Replace  QeH4tank_ 
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ebHm 

9/3013003 

349  752  112  90 

30 

450 

100 

60 

58 

600 

ehkim 

9/30/3003 

445  736  111  89.3 

120 

425 

100 

60 

60 

400 

guddal 

10/2/2003 

3456  7.74  112  89  9 

60 

375 

180 

300 

buy 

10/3/2003 

350  7.72  111  897 

4.28 

60 

350 

0 

60 

180 

300 

bob 

10/5/2003 

The  mechanical  pump  is  malting  noise.  Change  out  the  pump  Test  the  new  pump  with  standby  recipe  without  problem. 

Jimmygmc  10/5/2003 

QmUfrH  jimp 

suy 

10/9/2003 

350  7.74  123  89.7  | 

|  4.8 

120 

400 

90 

60 

70 

400 

flowtertforthe  new  mechanical  pump 

at  sfancijy  recipe,  sterp:  WAIT,  temp  =  350  C 

manual  mode:  HtBGEH4  ■  ON 

Gate  196  -  ON  (although  actual  status  is  OFF) 
Gate  197  =  ON  (although  actual  status  is  OFF) 

all  oder  gases  off 

N2VAC  N2DOFE  FRCPR 

0  90  123 

500  90  464 

eny 

100/2003 

1000  90  751 

N2VAC  N2DOFE  PRCPR 

0  0  9 

500  0  409 

1000  0  701 

N2TAC  N2DOFE  GEH4  FRCPR  (didn't  check  gate  valve  196, 197) 

0  0  L025  61 

0  0  LO  50  94 

0  0  HI  25  58 

0  0  HI  50  90 

buy 

100/2003 

350  798  123  89.7 

4.91 

120 

425 

110 

60 

50 

400 

mejoum 

100/2003 

4.54 

20 

350 

0 

60 

ISO 

300 

suy 

10/10/2003 

350  807  123  899 

4.95 

120 

425 

125 

60 

35 

400 

Weirdy 

10/13/2003 

SiH4  lank  changed. 

soy 

10/14(2003 

350  897  122  896 

5.15 

120 

425 

105 

60 

55 

400 

gnddal 

10/14(2003 

30 

375 

198 

0 

181 

294 

Wehdy 

10/16(2003 

Injector  fie  sane  83.  New  injector 

ebtim 

10(16(2003 

350  6.43  122  89.8 

240 

425 

400 

Monitor  run.  LTO  waftrs  are  clouds'.  Didn't  use  a 
ttucleation  step. 

Ran  SiGElOla 

ttukeation,  350C,  300mT,  Si2H6  1 00, 30  min 


Nucleation300  mTorr,  100  Si2H6,  400C,  20  min 
standby  infb  not  available.  Nucleation  350 C,  15  min, 
300  mlbrr,  100Si2  Hd 

jnulceation  37 5C,  5  min,  300  mTorr,  90  Si2H6 

[completed  MX  R.1 739- approx.  4um  dopedSiGe  dep. 
(Completed  undopedSiGe  multilayer  run-  recipe 
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ebkim 

10/22/2003 

350 

684 

123 

39.6 

5.34 

70 

425 

Equevy 

10/22/2003 

3.34 

12 

350 

wiow 

10/22/2003 

4.17 

90 

400 

g^xldal 

10/230003 

350 

300  (?) 

551 

60 

353.4 

ebkoo 

10/28/2003 

350 

683 

123 

89.9 

70 

425 

Wehriy 

11/3/2003 

Si2H6  task  changed 

sny 

11/5/2003 

350 

6.77 

122 

89.7 

4.08 

120 

400 

Wekdy 

ll/J/2003 

! 

•d 

i 

£ 

Meymm 

11/7/2003 

4.25 

90 

425 

Me  Tram 

11/7/2003 

120 

350 

Me  Tram 

11/7/2003 

4.38 

90 

425 

Wehriy 

11/10/2003 

Ge  tank  changed. 

Me  Tram  11/13/2003 

350 

7.11 

122 

89.9 

30 

425 

Me  Tram  11/142003 

350 

7.19 

122 

90 

3.73 

90 

425 

Me  7)  am 

11/142003 

3.17 

120 

350 

Me  Tram  11/14/2003 

3.87 

90 

425 

Me  Tram 

11/15/2003 

350 

736 

122 

89.7 

3.92 

90 

425 

Me  Tram  11/15/2003 

0003 

120 

350 

Me  Tram  11/15/2003 

3.8 

90 

425 

Me  Tram  11/20/2003 

350 

761 

121 

89.9 

159 

40 

425 

Me  Tram  11/20/2003 

2.05 

40 

425 

Me  Tram  11/21/2003 

2036 

40 

425 

Me  Tram  11/21/2003 

2.36 

40 

425 

referr 

12/2/2003 

3462 

7.7 

122 

89.9 

0.1 

60 

425 

wlow 

12/2/2003 

356 

786 

122 

89.7 

0.1 

80 

425 

wlow 

12/2/2003 

4545 

859 

123 

90.1 

0.1 

100 

425 

chenyj 

12/3/2003 

350 

78 

120 

90 

6.22 

180 

450 

Me  Tram 

12/8/2003 

350 

765 

121 

90.2 

2.45 

110 

425 

Me  Tram 

12/8/2003 

3.65 

240 

350 

chenyj 

12/9/2003 

350 

7.74 

US 

90 

7.46 

180 

450 

chenyj 

120/2003 

350 

7.74 

11S 

90 

7.8 

270 

450 

110 

0 

60 

425 

Use  UDSIGEA  recipe.  60  seem  of  N2dope  flow 
through  injector 

0 

60 

200 

300 

so  standby  info 

No  standby  infb.  Nnelaation400C,  SiH4200, 300  mT, 
10  min 

resistivity  of  C3  is  nice  and  uniform.  8.8  ohra/sq 

100 

60 

40 

800 

resistivity  of  C8  is  not  uniform,  top  88  ohm/sq,  bottom 
236ohm/sq 

resistivityofC13  is  worse,  top  1.1  ohm/sq, bottom  6.23 
ohm/sq 

0 

0 

181 

300 

nucleation  400  C,  10  mm,  300  mTorr,  100  S£2H6 

90 

0 

70 

400 

UDSIGEA.  Center  4"  boat  cover  bio  ken. 

nucleation  400C,  20  min,  600  mTorr,  100  Si2H6. 

0 

60 

90 

600 

Center  boat  covbt  was  missing,  borro wad  form 
tystail9. 

100 

60 

60 

400 

0 

60 

180 

trilayer 

100 

60 

60 

400 

100 

40 

60 

400 

Nucleation 425C,  Si2H6  100, 400  mT,  15  min. 

100 

45 

60 

400 

Nucleation  425C,  Si2H6  100, 400  mT,  15  min. 

0 

45 

170 

300 

no  standby  info 

100 

45 

60 

400 

no  standby  info 

100 

45 

60 

400 

Nucleation 425C.  Si2H6  100, 400  mT,  15  min. 

0 

0 

170 

300 

nD  standby  info 

100 

45 

60 

400 

no  standby  info 

125 

10 

35 

400 

Nucleation 425C,  Si2H6  100, 400  mT,  15  min. 

120 

15 

40 

400 

no  standby  info 

120 

20 

40 

400 

Nucleation 425C,  Si2H6  100, 400  mT,  15  min. 

110 

25 

40 

400 

Nucleation  425C,  Si2H6  100, 400  mT,  15  min. 

100 

0 

55 

400 

Nucleation  425C.  Si2H6  100. 300  mT,  10  min. 

100 

0 

42 

400 

Nucleation 425C,  Si2H6  100, 300  mT,  10  min. 

100 

0 

30 

400 

Nucleation 425C,  Si2H6  100, 300  mT,  10  min. 

ISO 

(Si2H6) 

0 

0 

300 

amorphous  Si 

115 

20 

45 

400 

Nucleation 425C,  Si2H6  100, 400  mT,  10  min. 

0 

45 

170 

300 

no  standby  info 

150 

(Si2H6) 

20 

0 

300 

amorphous  Si 

149 

(S2H6) 

19.7 

0 

300 

amorphous  Si 

225 


Mivnuu 

12)1 1/2003 

350 

8.76 

118 

90.2 

100 

425 

115 

15 

45 

400 

Nucleation  425C,  Si2H6  100, 400  mT,  10  min. 

Me  am 

12)110003 

5.29 

120 

425 

110 

60 

45 

400 

Nucleation  425C,  Si2H6  100, 400  mT,  10  min. 

Meyoam 

12)120003 

3.29 

40 

425 

100 

15 

45 

400 

no  standby  info 

Meyoum 

12)120003 

120 

425 

115 

15 

45 

400 

Nucleation  425C,  Si2H6  100, 400  mT,  10  min. 

Meyoum 

12)130003 

330 

8.68 

122 

92.3 

3.39 

30 

350 

0 

30 

170 

300 

Nucleation  350C,  Si2H6  100. 300  mT.  15  min. 

Meyoum 

12)130003 

2.18 

30 

350 

0 

0 

170 

300 

Nucleation  350C,  Si2H6  100. 300  mT.  15  min. 

chenyj 

12)150003 

350 

78 

120 

90 

5.65 

70 

450 

100 

59.4 

50.2 

800 

Nucleation  450C,  Si2H6  150, 300  mT,  2  min. 

Wehdy 

12)170003 

New  injector 

sny 

12)180003 

350 

629 

118 

89.7 

3.sth 

90 

450 

100 

58 

60 

600 

Monitor  run. 

criow 

12)190003 

353.4 

633 

118 

89 

3.81 

170 

450 

100 

60 

70 

400 

Nucleation  450C,  Si2H6  100, 300  mT,  10  min.  Bi-kyer 

wlow 

12)190003 

80 

425 

100 

60 

58 

600 

chenyj 

12000003 

350 

66 

118 

90 

3.73 

60 

450 

110 

50 

40 

850 

Nucleation450C,  Si2H6  150, 300  mT,  2  min. 

bob 

12020003 

G«H4tonk  change. 

wtow 

12030003 

3492 

664 

118 

89.7 

3.99-405 

150 

400 

100 

60 

50 

800 

Nucleation 400C,  Si2H6  100, 300  mT,  15  min.Bi-kyer. 

wtow 

12030003 

4.10-4.16 

120 

400 

100 

60 

37 

800 

cherry] 

12070003 

350 

6.73 

117 

89.6 

4 

90 

450 

100 

60 

50 

800 

Nucleation 450C,  Si2H6  150, 300  mT,  2  min. 

iriav 

12070003 

4.22-429 

150 

425 

100 

60 

50 

800 

No  standby  info  .  Nucleation  425C,  Si2h6  100,  300  mT, 

wtow 

chenyj 

12070003 

12000003 

350 

723 

US 

89.9 

4.33-438 

0.43 

120 

180 

425 

400 

100 

105 

60 

25 

45 

800 

800 

15  mm.  Bi-layer 

Nucleation  400C,  5i2H6  100, 300  mT,  20  min.  Didn't 

0 

getGeH4  charged. 

jimmyRmc 

12000003 

Check  GeH4  flow  manually.  OK. 

wlcw 

12000003 

346 

729 

4.54.54 

140 

450 

100 

60 

70 

400 

Nucleation 450C,  Si2H6  100, 300  mT,  10  min.  Bi- 

2 

0 

kyer.  1st  layer  depo  was  set  to  be  150  min,  but  recipe 

wlov 

12000003 

4.54-459 

120 

425 

100 

60 

50 

600 

aborted  at  140  min.Standby  info  affected  by  Jimmy's 

wtow 

1)10004 

3465 

753 

118 

89.9 

4.8-4.86 

140 

450 

100 

60 

70 

400 

Nucleation 450C,  Si2H6  100, 300  mT,  10  min.  Bi- 

wtow 

1)10004 

4.8-4.92 

120 

425 

100 

60 

50 

600 

kyer. 

wtow 

1)40004 

349.4 

7.75 

118 

89.7 

4.77-4.9 

130 

425 

100 

60 

58 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min.  Saw 
"power  fail"  akim  and  cleared.  Cantilever  cracked 

nbw 

1)40004 

4.77-491 

150 

400 

100 

60 

35 

800 

when  door  opens.  Waferboat  got  stuck  inside  the  tube. 

Wehriy 

1)50004 

Adjusted  cantilever  a 

:chniL  Closed  tystai2( 

1.  Tystar20 

is  ready  for  wafer  removal 

Jimmygmc 

1)60004 

Checked  To  war  fail" 

error.  There  might  be  a  power  glitch  for  the  building.  If  it  was  less  than  3  sec,  the  process  will  resume. 

Wehriy 

1)70004 

S  ten*  y  injector  fie  score  8.1.  Replaced  injector. 

chenyj 

1)70004 

350 

688 

120 

90 

0.35 

190 

410 

105 

45 

800 

Nucleation 400C,  Si2H6  100, 300  mT,  20  min.  Didn't 

0 

get  GsH4  charged  again. 

suy 

1)120004 

350 

702 

121 

90 

4.45 

90 

450 

100 

60 

58 

600 

Monitor  run. 

Meyoum 

1)120004 

4.32 

120 

425 

115 

60 

45 

400 

No  standby  info .  Nucleation  425C,  Si2H6  1 00, 400 
mT,  10  min. 

wtow 

1)130003 

352.1 

723 

118 

89.9 

4.37-4.45 

150 

425 

100 

60 

55 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min.  Bi- 

wtiw 

1)130004 

4.48-455 

180 

400 

100 

60 

40 

800 

kyer.  To  wer  fail"  happe  red  a  few  time  s,  always  alter  1 

Wehriy 

1)130004 

Checked  connectore  on  back  of  CPU  board  and  they  were  tight.  Probably  what  ie  happe  ring  is  that  the  kejboard  when  pressed  ie  giving  a  bounce  on  a  certain  key  combination 

making  the  CPU  dunk  it  had  a  power  fail. 

to 

to 

C\ 


Equmry 

1/15/2004 

350 

759 

118 

90.1 

00 

350 

0 

00 

180 

300 

|Nnjcleation400C,  Si2H<5  200. 300  mT.  1  min. 

Meyoum 

1/10/2004 

350 

757 

117 

899 

4.77 

120 

425 

100 

00 

00 

400 

|Nnjcleation400C,  Si2H<5 100, 400  mT,  10  min 

Wehdy 

wlow 

1/22/2004 

1/27/2004 

New  injector 

350.1  702 

121 

90 

|439-4d4 

90 

450 

100 

58 

60 

600 

|Mb  rotor  run.  Didn't  get  charge  forGeH4. 

wlow  1/27/3004  Stantfcyrecipe  got  aborted  daring  Si2H6  coaling.  Error  message  IF  N2DGPENE". 
merport  1/28/2004  Check  GeH4  charging  program.  CMrge  diowed  upaffer  one  day. 

Jimmygmc  1/28/2004  FcrandN2dope  MFC  doffed -4  seem.  Whenaskadfbr  10  seem  daring  coat  sfeft  it  flows -14  seem.  When  shut  off  it  mads  4  seem. 

Diagnosed  N2do$»  MFC,  could  not  find  any-fault.  Adjusted  N2  pressure  at  top  of  TBS  and  MFC  nownhufting  from  9  8  to  99  with  10  seem  for  five  minute;  Set  N2dope  to  90  and 
e*uv  reading  was  899  to  898  for  five  minutes.  Tystor20  isupandmadyfor  use. 

Meyoum  1/28/2004  350  708  121  89.7  |  120  15  40  |Nudea1ton425C,Si2H6  100,400  mT,  15  min 

Wehriy  2/2/2004  Genome  tank  changed. 

Eqnevy  2/5/2004  350  7.13  121  899 

cMnyj  2/C/2004  350  7.17  121  90 

cfenyj  2/7/2D04  350  7.12  120  90 

meiDCit  2/9/2004  RHhE  shows  no  G*H4  usage  on  2/0/2004.  The  control  software  has  been  changed  bo  that  GeH4  and  Si2H6  usage  is  always  displayed, 
nioir  2/10/2004  Cluck  chenyfs  ran  an  2/5/2004  on  Jon  Goldman.  GsH4flow  was  45  seen.  Jon  Goldman  doesn't  match  with  RUftE?! 

Wehdv  2/12/2004  lhstallBCI3(0.1K  mH»)  tank. 

PH3  line  has  beenre  placed  with  BCE  fine.  BCG  comes  in  through  gas  ring.  We  am  using  the  oldPH3MFC.  1  seem  of  PH3  -  1 S36  seem  of  BCG  Rear  injector  is  removed  for 
,  omnrry,  ^  dmmnystainlem  steel  injector  is  installed  in  the  front  to  check  oormrian  and  iron  contamination  due  to  possBle  reaction  with  02  andHCl.  This  injector  is  not  hooked 

w  up.  Changed  outcagedbcat  (73",  13"  and  7.8"  in  length,  15  wnfea)  to  opeaboat.  Two  4'  and  two  6".  Each  boat  is  4.7'  in  length,  holds  13  wafers.  The  front  of  the  1st  4 'boat  is 


395 

60 

350 

0 

60 

180 

3 

120 

400 

105 

15 

45 

1.48 

180 

400 

105 

10 

45 

300  Nucleation400C,  Si2H6  200, 300  mT,  5  min. 

SQ0  Nncleation400C,  Si2H6  100, 300  mT.  15  min  Didn't 
S  et  charge  for  GeH4  usage .  Film  looks  hazy. 

800  |Nujcleation400C,  Si2H6  100, 300  mT,  20  min. 


205“  away  front  inner  aide  of  float  door.  1st  6*  is  30-5*  awnyfrom  door. 


120  425 


4ncleation425C,  Si2H6  100. 300  mT,  15  min.  Coating 
nn.  No  standby  info.  Heat  baffle  got  dark  after  this 


wlow  2/13/2004  Recipe  cannot  pass  leak  check.  Quarts  tube  broken,  (enabled  551  hr,  194  hr  of  dspo). 

Wehriy  2/18/2004  Replace  qnaitxlAe,  liner,  1C  sheath,  split  TC  sheath,  cantilever  deaths  Base  jxessom  5  mT,  rate  of  rise  4  mT/mirn 
wlow  2/19/2004  The  front  of  the  1st  4“  boat  is 225’  away  front  inner  ride  affront  door.  1st  6“  is  32“  away  from  door. 


wlow 

2/19/2004 

120 

425 

100 

18.4 

60 

400 

wlow 

2/19/2004 

348 

off 

□ 

0 

NA 

60 

425 

100 

9.2 

60 

400 

wlow 

2/20/2004 

4543 

off 

0 

0 

NA 

60 

400 

100 

9.2 

60 

400 

wlow 

2/20/2004 

353 

off 

□ 

0 

NA 

60 

450 

100 

9.2 

60 

400 

wlow 

2/24/2004 

3503 

off 

0 

0 

NA 

60 

400 

100 

163 

60 

400 

wlow 

2/24/2004 

4523 

off 

0 

0 

NA 

60 

425 

100 

165 

60 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min.  Coaling 
ran.  No  standby  info.  Heat  baffle  look  fine. 

Nnjcleation425C,  Si2H6  100, 300  mT,  15  min.  BCG 
test. 

Nnjcleation400C,  Si2H6  100, 300  mT,  15  min.  BCG 
test. 

Nncleation 450C,  Si2H6  100, 300  mT,  15  min.  BCG 
test. 

Nucleation400C,  Si2H(5  100, 300  mT,  15  min  BCG 
test. 

Nucleation425C,  Si2H6  100, 300  mT,  15  min  BCG 
test. 


wlow  2/24/2004 


3503 


off 


NA 


£0 


400 


100 


16.5 


60 


400 


irmmygmc 

Wehdv 

bob 

Weirdy 


wkj  w 
wlow 

wkj  w 
wlow 


to 
to 
— 1 


2Q6/2004 

3/3/2004 

3/4/2004 

3/5/2004 

3/9/2004 


chenyj  3/11/2004 


350 

9j61 

283 

89.4 

1.89 

210 

425 

115 

15 

45 

400 

350 

958 

284 

89.3 

2.06 

180 

400 

105 

20 

45 

400 

3/12/2004 

3/12/2004 

3/12/2004 

3/12/2004 


wtotr  3/12/2004 


|Si2H6  nucleafion  40  OC,  Si2H6  100, 300  mT,  1 5  win. 
|Qe  rtu  cleat  ion  350C,  GeH4 100,  BC13  1 65, 300  mT, 

Preform  clean  maintenance  after  Mcrolab  -power  failure  last  right. 

Remove  front  injector  and  bagged  it.  Install  clean  rear  injector  on  tystar20. 

Yijianrepartad  harry  film  produce  bytyitarl  9,  could  not  reproduce  good  result  with  the  same  recipe.  B2H6  cylinder  is  8  months  old  and  - 100  pa.  It  began  at  1800  psi.  We  know 
there  is  some  decay  of  B2H6  end  a  recently  replaced  quartz  injector  in  tystarl?  clogged  premanturely.  B2H6  tank  will  be  changed  every  6  months. 

Replace  B2H6 

283  89  4  |  1.8  9  210  425  115  1  5  45  400 

Nucleation400  C,  Si2H6  100, 400  mT,  15  min.  Sheet 
resistance  from  4ptprb:  I=0.453mA,  V=l.  15-3.  From 
the  SEM,  film  thickness  1 .15  um  (too  thick),  and 
Isurfece  is  quits  rough. 

There  are  lota  of  particles  m  the  furnace  after  the  power  failure  on  Feb.  25, 2004.  Cannot  do  anything  to  the  tube.  The  best  we  can  do  is  to  clear  all  the  dummies. 

After  restoring  fhe  B2H6  process  wifha  newlyclear  injector,  injector  pressure  is  found  to  be  very  high  (9.5  Torr),  FRCPR  is  also  high  (283  mTorr).  This  is  because  the  standby 
recipe  got  changed  daring  fhe  BC13  experiment.  There  is  200  seem  ofN2BKFL  during  standby  in  addition  to  90  sccmofN2DOPE.  Jimmy  will  get  rid  of  the  N2BKFL  and  this 

problem  can  be  cleared. 

tNucleation450C,  Si2H6  200, 800  mT,  60  min.  Switch 
to  open  boat  for  BC13  depo.  This  is  a  coating  run. 
Nuclealion  425  C,  Si2H6  100, 300  mT,  15  min.  BC13 
pun.  Some  particles  on  wafers. 

This  is  a  follow  up  of  the  particle  problem .  The  dummy  waters  were  coated  with  a  layer  of  particles .  I  trashed  all  of  the  m.  The  deposition  after  the  dummy  change  still  has  particles, 
at  least  2D  particles  per  wafers  are  visible.  The  particles  am  causedbyths  power  failure  a  few  weeks  ago.  The  fbmace  had  been  used  after  that.  Howbybt,  sines  most  people  use 
cagedboat  configuration,  they  don't  see  significant  amount  of  particles  an  wafers.  1  amusing  open  boat  for  BC13  doping,  and  it  is  a  big  problem.  Them  should  be  more  particles  on 
the  wall.  The  boats  (caged  and  open),  c  anti  levers,  heat  baffles  shouldbe  cleaned  as  soon  as  possible.  The  injector  might  also  need  a  change.  I  will  do  two  more  not  so  critical  runs  to 


chsnyj 
jimmygmc 
I  immyvmi: 

chenyj 

jiiuuivRinc 

chenyj 


3/17/2004 

3/18/2004 

3/18/2004 

3/18/2004 

3/18/2004 

3/23/2004 


352 

9X4 

288 

90 

NA 

10 

450 

200 

IS 

60 

800 

NA 

NA 

NA 

NA 

NA 

180 

425 

20 

165 

12 

400 

collect  mare 

particles  to  the  dummy  wafers 

tomorrow. 

Nucleafion 425  C,  Si2H6  100, 300  mT,  15  min.  BCD 

wiow 

3/12/2004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

2 

60 

400 

run.  Some  particles  on  wafers.  Forgot  to  record  standby 
info. 

Nucleafion 350  C,  Si2H6  150, 300  mT,  20  min.  Ge 

whir 

3/13/2004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

165 

60 

400 

nucleafion  100  GeH4, 16.5  BC13, 300  mT,  10  min. 

BCG  run.  Some  particles  on  wafers.  Forgotto  record 
standby  info. 

wkj  w 

3/13/2004 

450 

1047 

289 

89.6 

NA 

60 

425 

100 

■65 

60 

400 

Nucleafion  425  C,  Si2H 6  100, 300  mT,  15  min.  BCD 
run.  Switchback  to  cagedboat  after  depo. 

chenyj 

3/13/2004 

350 

9  82 

291 

89.3 

2.08 

15 

410 

105 

0 

45 

400 

Nucleafion  410  C,  Si2H6  100,  400  mT,  10  min 

najeem 

3/16/2004 

dean  dummy  wafers,  wipe  off  cantilevers 

and  wall 

ebkim 

3/16/2004 

9.94 

60 

450 

100 

60 

58 

600 

Mo  rotor  run. 

chsnyj 

3/17/2004 

350 

9.98 

286 

895 

2.18 

90 

325 

0 

0 

so 

600 

Nucleafion 400  C,  Si2H6  100, 300  mT,  20  min. 

Before  I  started  my  [access,  [saw  the  dummy  wafers  (6'boal)sre  covered  by  particles.  Butthe  surface  of  my  wafer  after  deposition  seems  ok. 

Particles  will  be  fixed  in  the  film.  The  user  ebserve  no  particles  on  his  film,  the  problem  is  clear  for  now.  Will  monitor  the  tribe  regularly. 

Turn  off  N2BKFL  at  standby. 

350  7.15  121  89.3  |  0.07  1  20  410  HO  0  40  400  |Nucleation410C,  Si2H6  100, 400  mT,  10  min. 

Test  GeH4andB2H6. 

350  721  118  895  |  S 


chenyi 

cherry] 

3/24/2004 

3/24/2004 

350 

330 

722 

722 

118 

118 

89.5 

89.5 

4.36 

180 

415 

110 

60 

40 

400 

Nucleation  415,  Si2H6  100,400  mT,  10  min. 

wlow 

3/25/2004 

349.8 

7.44 

117 

89.4 

NA 

1 

450 

100 

0 

0 

800 

Nucleation  450,  Si2H6  200, 800  mT,  20  min.  Coating 

wbw 

3/25/2004 

NA 

NA 

NA 

NA 

NA 

180 

425 

100 

16.5 

60 

400 

after  swifting  to  open  boat 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min.  BC13 

Wehdy 

chenyj 

3/29/2004 

3/29/2004 

GeH4  tank  change.  7  psi  canbarelyfinish 
330  7.45  118  89.5 

deposition  with  60  seem  GeH4  for  3  hr. 
4.38  1  20  410  110 

55 

40 

400 

Nucleation  41 0C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

3/29/2004 

330 

7/45 

118 

89.5 

3.12 

120 

415 

110 

30 

40 

400 

Nucleatiion415C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

3/30/2004 

330 

765 

121 

896 

2.04 

120 

420 

110 

15 

40 

400 

Nucleation 420C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

3/31/2004 

350 

765 

121 

89.6 

NA 

120 

420 

110 

5 

40 

400 

Process  aborted  at  NTEQ.  Nucleation  420C,  Si2H6 

1 00, 400  mT.  10  min. 

chenyj 

bob 

Wehdy 


3/31/2004 

3/31/2004 

4/1/2004 


Picture  too  high  end  process  aborted  at  NTEQ. 

Hu  B2H6  supply  to  tystar20  will  be  pumped  to  vacuum  temporarily  while  we  service  the  pre-diborane  valve  on  tystarl9.  TyctarOO  remains  up  and  useable  without  B2H6.  This 
work  should  be  completed  by  no  on  today  and  dibora  rie  restored. 

Tystar20  is  being  used  to  pump  out  the  diborane  gas  line  fbrtystarlSJ. 


suy2 

wlow 

Wehdy 


4/13/2004 

4/16/2004 

4/16/2004 


chenyj 

4/3/2004 

350 

7.75 

121 

89.5 

3.5 

120 

420 

110 

5 

40 

400 

chenyj 

4/4/2004 

350 

781 

118 

89.5 

NA 

150 

325 

0 

□ 

80 

400 

chenyj 

4/5J2D04 

350 

782 

118 

89.4 

NA 

150 

420 

100 

3 

40 

400 

chenyj 

4/6/2004 

350 

782 

US 

89.4 

0.05 

30 

325 

0 

0 

80 

400 

chenyj 

4/6/2004 

350 

782 

118 

89.4 

0.4 

120 

420 

110 

1 

40 

400 

K> 

chenyj 

4/7/2004 

350 

781 

118 

89.4 

NA 

120 

425 

115 

5 

35 

400 

bo 

oo 

chenyj 

4/7/2004 

350 

783 

118 

89.4 

NA 

120 

430 

120 

0 

30 

400 

chenyj 

4/7/2004 

350 

782 

118 

89.4 

1.03 

120 

430 

120 

5 

30 

400 

chenyj 

4/7/2004 

Report  particle  problem 

Meyoum 

4/9/2004 

350 

792 

121 

90 

4.5 

90 

350 

0 

60 

170 

300 

wlow 

4/12/2004 

NA 

NA 

NA 

NA 

NA 

120 

425 

100 

16.5 

60 

400 

wlow 

4/12/2004 

Building  power&Dedfor 20  minutes. 

wlow 

4/12/2004 

NA 

NA 

NA 

NA 

NA 

90 

425 

SO 

16.5 

48 

400 

wlow 

4/13Z2D04 

3539 

8J06 

US 

899 

NA 

60 

400 

100 

16.5 

60 

400 

wlow 

4/13/2004 

336.5 

797 

US 

89.7 

NA 

120 

425 

50 

16.5 

30 

400 

wlow 

4/14/2004 

3466 

802 

US 

90.1 

NA 

60 

425 

100 

16.5 

60 

400 

wlow 

4/14/2004 

443 

887 

121 

89.7 

NA 

60 

350 

0 

16.5 

100 

400 

wlow 

4/14/2004 

No  particle 

in  all  of  my  wafers  from  the  del 

position  during  the  pest  few  days. 

suy2 

4/15/2004 

■CO 

865 

121 

90.1 

5.23 

60 

450 

100 

60 

58 

600 

Nucleation  420C, 
Nucleation  400C. 
Nucleation  420C, 
Nucleation  400C. 
Nucleation  420C, 
Nucleation  425C, 
Nucleation  430C, 
Nucleation  430C, 


Si2H6 

Si2H6 

Si2H6 

Si2H6 

Si2H6 

Si2H6 

Si2H6 

Si2H6 


100. 400 

100. 400 

100. 400 

100.400 

100.400 
100, 400 
100, 400 
100, 400 


mT,  10  min. 
mT,  20  min. 
mT.  10  min. 
mT.  4  min. 
mT,  10  min. 
mT,  7  min. 
mT,  5  min. 
mT,  7  min. 


Report  particle  problem 
Particle  problem  are  likely  caused  by  the  dirty  injector.  Request  injector  change. 
Injector  changed  due  to  particle  problem. 


Nucleation  350C,  Si2H6  100, 300  mT,  13  min. 
[Nucleation  425C.  Si2H6  100. 300  mT.  13  min. 

Thick  coating  run  was  done  before  depo  to  recover 
from  power  failure.  Nucleation  425C,  Si2H6  100, 300 
mT,  13  min. 

Si  seed  430C,  Si2H6  100,  300  mT,  13  imn;Ge  nuc 
330C,  GeH4 100, 300  mT,  163  BC13, 300  mT 
Nucleation 425C,  Si2H6  100, 300  mT,  15  min. 

Si  seed  450C,  Si2H6  100, 300  mT,  15  min; Ge  nuc 
350C,  GeH4 100, 300  mT,  165  BC13, 300  mT 
Nucleation 430C,  Si2H6  100, 300  mT,  15  min 

Nucleation 4500,  Si2H6  100,  400  mT,  10  min.  Lots  of 
partdc  le  s  in  6  '  dummies . 


suy2 

4/19/3004 

350 

701 

121 

90 

4.37 

30 

450 

100 

60 

58 

600 

check  particle  problem 

swfi 

4/30/3004 

350 

706 

121 

90 

4.23 

60 

425 

100 

60 

70 

400 

Nucleation425C,  Si2H6  100, 400  mT,  10  min 

Equevy 

4/22/2004 

HA 

783 

NA 

NA 

NA 

12 

350 

0 

60 

ISO 

300 

Nucleation  350C.  Si2H6  200, 300  mT.  1  min 

Equevy 

chenyj 

4/33/2004 

4/34/3004 

350 

350 

NA 

73 

NA 

121 

NA 

89  9 

NA 

0.12 

12 

130 

350 

420 

0 

110 

60 

ISO 

40 

300 

400 

Nucleation  350C,  Si2H6  10, 300  mT,  1  mm 

Nucleation 420C,  Si2H6  100, 400  mT,  10  min.  Process 

0 

aborted. 

Jimmygmc  4/36/3004 

Previous  jxocess  vu  aborted  due  to  SiH4  out  of  tolerance.  Restart  the  process  with 

no  problem 

Will  monitor  MFC. 

bob 

4/36/3004 

Clean  dummy  wafers. 

sotf 

4/27/3004 

350 

7.16 

121 

89  9 

43 

38 

425 

100 

60 

70 

400 

Nucleation  425C,  Si2H6  100. 400  mT,  10  min. 

trioW 

4/38/3004 

4472 

791 

122 

89  9 

4.3 

60 

425 

100 

60 

60 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min. 

bob 

4/30/2004 

The  BCI3  cylinder  has  been  changed  to  1% 

.  With  a  setpoint  of  20  peri,  the  cylinder  pressure  is  750  pai. 

rriow 

4/30/2004 

3535 

738 

121 

90.1 

NA 

60 

425 

100 

9.2 

60 

400 

Dummy  run  for  BCD  line  clean  out.  Nucleation  42  5C, 
Si2H6  100, 300  mT,  15  min. 

irio  it 

4/30/3004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

9.2 

60 

400 

Nucleation 425C,  Si2H6  100, 300  mT,  15  min. 

triow 

4/30/3004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

16.5 

60 

400 

Nucleation 425C,  Si2H6  100, 300  mT,  15  min. 

wkj  w 

4/30/3004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

3.6 

60 

400 

Nucleation 425C,  Si2H6  100, 300  mT,  15  min. 

Trio  IT 

5/1/3004 

3505 

733 

121 

89.9 

NA 

60 

425 

100 

9.2 

60 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min. 

TriOTT 

5/1/3004 

NA 

NA 

NA 

NA 

452 

60 

450 

100 

60 

60 

400 

Nucleation  450C.  S£2H6  100. 300  mT.  15  min. 

TriOTT 

5/1/2004 

NA 

NA 

NA 

NA 

436 

60 

400 

100 

60 

60 

400 

Nucleation 400C,  Si2H6  100, 300  mT,  15  min. 

chenyj 

5/3/3004 

350 

7.45 

121 

90 

NA 

120 

420 

110 

0 

40 

400 

Nucleation 420C,  Si2H6  100, 400  mT,  10  min. 

Equevy 

5/10/3004 

NA 

735 

NA 

NA 

404 

130 

350 

0 

60 

180 

300 

Nucleation 350C,  Si2H6  200, 300  mT,  5  min. 

chenyj 

5/12/3004 

350 

741 

121 

90 

NA 

25 

420 

110 

0 

40 

400 

Nucleation 420C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

5/13/3004 

350 

745 

121 

90 

NA 

130 

420 

110 

10 

40 

400 

Nucleation 420C,  Si2H6  100. 400  mT,  10  min. 

cheny] 

5/15/3004 

350 

751 

121 

90 

1.97 

130 

430 

120 

15 

30 

400 

Nucleation 430C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

5/15/3004 

350 

754 

121 

90 

NA 

15 

430 

120 

10 

3D 

400 

Nucleation 430C.  Si2H6  100, 400  mT,  7  min. 

Eqwy 

5/17/2004 

NA 

751 

NA 

NA 

474 

200 

350 

0 

60 

180 

300 

Nucleation 350C,  Si2H6  100, 300  mT,  1  min. 

Wehriy 

5/18/3004 

GaH4  tank  change. 

ywnr 

5/18/3004 

350 

761 

111 

90.1 

Did  not  run  the  process 

chenyj 

5/30/3004 

350 

7j6 

121 

90 

NA 

80 

420 

110 

0 

40 

400 

Nucleation  420C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

5/30/3004 

350 

7j65 

121 

90 

NA 

15 

420 

110 

0 

40 

400 

Nucleation  420C,  3i2H6  100, 400  mT,  10  min. 

Wehriy 

5/31/3004 

SiH4  tank  changed 

chenyi 

5/32/3004 

350 

765 

121 

90 

NA 

90 

325 

0 

0 

80 

400 

Nucleation 400C.  Si2H6  100. 400  mT.  10  min. 

chenyj 

5/22/2004 

350 

765 

121 

90 

NA 

15 

420 

110 

0 

40 

400 

Nucleation 420C,  Si2H6  100, 400  mT,  10  min. 

Wehdy 

6/3/3004 

Front  flange  has  been  hooked  up  from  the  e 

'as  flange  to  allow  front  injection. 

TriOTT 

6/3/3004 

NA 

NA 

NA 

NA 

NA 

20 

425 

100 

16.5 

60 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  2  min.  Switch  to 
o  pen  boat,  install  front  inje  ctor.  Co sting  run. 

TriOTT 

6/3/2004 

448.8 

881 

118 

89.9 

NA 

60 

425 

100 

16.5 

60 

400 

Nucleation 425C,  Si2Hd  100, 300  mT,  15  min.  Front 
injector  test. 

Triow 

6/4/2004 

Jon  Goldman  cupmulbr  has  not  been  record 

1  1 

ling  data  for  all bank5  furnaces  since  mid-May.  Rebooting  the  computer  doesn't  w 

'urk.  Recipe  cannot  be  loaded  from  computer  to 

furnace. 

wehdy 

6/9/3004 

Jon  Goldman  computer  is  fixed  by  computer  support  group  via  windows  2000. 

wehdy 

6/10/3004 

Gaaing  switldi^  fbndi 

ion  does  not  work. 

Wehriy 

suy2 

swf2 

Wehriy 

Equevy 

chenyj 

chenyj 

chenyj 


6/ 142004 
6/14/2004 
6/15/2004 
6/16/2004 
6/16/2004 
6/16/2004 
6/17/2004 
6/17/2004 


Gaming  now  switches  back  arid  forth.  Removed  capped  front  injector  portend  installed  nltrtorr  adapter. 


350  759  121  89.9  | 

Re  qeust  injector  change  for  lore;  depo 


vrfow  6/ 19/2004 

chenyj  6/19/2004 
jimmvKmc  6/22/2004 

bUteEn  6/23/2004 

eny2  6/25/2004 
Wehriy  6/25/2004 


Injector  changed. 

350  7.11 

117 

899 

4.37 

125 

425 

100 

60 

40 

400 

Nucleation  400C,  Si2H6  200, 400  mT,  5  min. 

350 

7.47 

121 

90 

0.18 

15 

420 

110 

0 

40 

400 

Nucleation  420C,  Si2H6  100, 400  mT,  10  min 

350 

7.47 

121 

90 

0.18 

90 

325 

0 

0 

80 

400 

Nucleation  400C,  Si2H6  100, 400  mT,  20min. 

350 

7.45 

121 

90 

0.34 

15 

420 

110 

0 

40 

400 

Nucleation  420C,  Si2H6  100, 400  mT,  20min. 

3473 

724 

117 

899 

0.19 

60 

425 

100 

16.5 

60 

400 

Nucleation  425C,  Si2H6  100, 300  mT,  15  min  Front 

injector  test.  No  difference  with  gas  ring . 

Found shuliy  puces  was  aborted,  could  not  find  reason  from  process  history. 

Suspected  flat  the  standby  recipe  was  corrupted.  Deleted  the  recipe  and  download  from  DCS  30  PC.  Ran  the  recipe  and  it  finished  without  problem. 

No  nucleation  layer.  Bi-layer  run.  Didn't  break  vacuum 
inbe  tween. 

is  aborted.  Checked  process  history,  it  seems  PRCPR  was  high  and 


to 

u> 

o 


w tow  7/5/2004 


Jimmygmc  7/6/2004 


w tow  7/11/2004 
voroe  7/13/2004 


Equevy  7/12/2004 


chenyj  7/16/2004 
chenyj  7/17/2004 
Wehriy  7/20/2004 


4.7 


40 


425 


100 


60 


70  400  [Nucleation 425C,  Si2H6  100, 400  mT,  10  min. 


348 


726 


117 


49  8  485/60  425 


100 


60 


65/58  400/600 


sny2 

6/25/2004 

350 

8 

117 

899 

5.11 

27D 

425 

100 

60 

TO 

400 

chenyj 

6/26/2004 

350 

78 

121 

90 

NA 

120 

420 

110 

15 

40 

400 

Wehriy 

Equevy 

7/2/2004 

7/3/2004 

Injector  changed. 

349  723 

121 

90 

NA 

32 

350 

0 

60 

ISO 

300 

yanw 

7/4/2004 

440 

792 

121 

90 

0.37 

360 

NA 

NA 

NA 

NA 

600 

Tried  to  ran  the  coaling  part  of  the  standby  recipe  last  night,  came  in  this  morning  and  found  the  p  roe  css  i 
triggered  the  abort  sequence. 

Han  stancfoy  recipe  with  no  problem.  Process  pressure  and  rate  of  rise  are  good.  Bern  pressure  is  good. 

[Nucleation,  425C,  400  mT,  Si2H6  100, 10  min 
[Nucleation,  420C,  400  mT,  Si2H6  100, 10  min 

[Nucleation  350C,  300  mT,  Si2H6  200, 1  min. 
|Nuclaation375C,  400  mT,  Si2H6  100, 3  min. 

Found  tystar20  in  ABPG  mode.  DH  shows  after  2  minutes  of  standby  coating,  process  was  aborted  with  error  "IFPRCPR  NE" .  After  2  minutes  into  ABRT,  step  went  to  ABPG  with 
message  "PHCHIOK".  Furnace  was  at  N2BKFL-199,  PRCPR-231 ,  Temp-450,  injector  pressure-8.71.  Exited  out  of  abort  mode  and  reloaded  the  recipe.  Same  thing  happened. 

Found  that  At  puces  aborted  due  to  PRCPR  too  high.  The  initial  N2VAC  shooted  up  whichcausedthe  problem.  Adjusted  the  p  id  constants  for  pressure  control  on  MFS460.  Tried 
the  recipe  twice  and  foe  pressure  stabihaed  within  one  minute. 

Nucleation  400C,  400  mT,  Si2H6  200, 5  min. 

No  nucleation 
No  nucleation 

Nucleation 420C,  400  mT,  Si2H6  100. 10  min. 
Nucleation 425C,  300  mT,  Si2H6  100, 15  min  Left 
rear  injector  test. 


Equevy 

7/6/2004 

420 

7.78 

121 

899 

4.44 

300 

425 

100 

60 

40 

400 

Equevy 

7/7/2004 

349.7 

765 

118 

90.1 

NA 

5 

300 

0 

60 

180 

300 

Equevy 

7/9/2004 

350 

766 

119 

899 

NA 

5 

300 

0 

60 

180 

300 

chenyj 

7/9/2004 

350 

NA 

121 

90 

NA 

120 

420 

110 

15 

40 

400 

wtnw 

7/11/2004 

3528 

773 

118 

899 

3.36 

60 

425 

100 

16.5 

60 

400 

Got  a  charge  of$l  134290.12  for  Si2H6.  Only  used  100  seem  Si2H6  for  15  minutes. 
RUNE  software  was  rebooted  and  checkedby  Tim  D.  Chargee  are  OK  now. 


NA 

NA 

NA 

NA 

NA 

300 

425 

100 

60 

40 

400 

350 

NA 

121 

90 

NA 

120 

410 

110 

40 

40 

400 

350 

833 

121 

90 

NA 

105 

420 

110 

30 

40 

400 

QeH4  tank  change. 


Nucleation  400C,  400  mT,  Si2H6  200, 5  min.  Found 
furnace  inabortmode.Hadto  ran  standby  recipe  twice 
to  get  the  coating  step.  Usuel  problem,  computer 
gauges  pressure  too  high  and  abort  the  recipe. 

Nucleation410C,  Si2H6  100, 400  mT,  10  min 
Nucleation  420C,  Si2H6  100, 400  mT,  10  min 


Wehrly 

Eqnevy 

7/20/2004 

7/20/2004 

IhjectorpB: 

366 

Esoxe  83.  Injector  changed. 

7.15  118  89.9  1 

4.05 

30 

350 

0 

60 

ISO 

300 

No  nncleaiion. 

chenyj 

7/20/2004 

330 

HA 

121 

90 

NA 

8 

420 

100 

0 

40 

400 

Nucleation  4200,  Si2H6  100, 400  mT,  10  min. 

chenyj 

7/21/2004 

330 

HA 

120 

90 

HA 

90 

325 

0 

0 

80 

400 

Nucleation4Q0C,  Si2H6  100, 400  mT,  15  min. 

chenyj 

7/21/2004 

330 

7.87 

120 

90 

NA 

9 

420 

110 

0 

40 

400 

Nucleation420C,  Si2H6  100, 400  mT,  10  min. 

Eqnevy 

7/23/2004 

349 

7.22 

121 

90 

NA 

30 

350 

0 

60 

180 

300 

No  nuc  leaf  ion. 

chenyj 

7/24/2004 

330 

HA 

121 

90 

1.95 

120 

420 

110 

15 

40 

400 

Nncleaiion  420C,  Si2H6  100, 400  mT,  10  min. 

Muloliii 

7/26/2004 

330 

726 

121 

90 

HA 

27 

400 

100 

60 

40 

800 

No  nuckalian.  GeH4  charge  did  not  show  up. 

Eqnevy 

7/28/2004 

330 

728 

121 

896 

4.12 

12 

350 

0 

60 

180 

400 

No  nncleaiion. 

chenyj 

7/31/2004 

330 

733 

121 

90 

2 

90 

420 

110 

15 

40 

400 

Nncleation420C,  Si2H6  100. 400  mT,  10  min. 

Eqnevy 

8/1/2004 

330 

733 

118 

90 

HA 

20 

350 

0 

30 

180 

300 

No  nucleation. 

Eqnevy 

8/3/2004 

330 

7.43 

118 

89.9 

NA 

60 

350 

0 

30 

180 

300 

Nncleaiion 350C,  Si2H6  200, 300  mT,  5  min. 

MaWIm 

8/4/2004 

330 

739 

118 

89.8 

5.03/3.13 

485/45 

425/425 

100/100 

60/60 

65/53 

400/600 

No  nncleation.  Bilayer  process. 

Eqnevy 

8/4/2004 

330 

8.14 

118 

89.7 

0.06 

20 

350 

0 

0 

180 

300 

Nncleaiion 3500,  Si2H6  200, 300  mT,  5  min. 

chenyj 

8/6/2004 

330 

HA 

120 

90 

0.2 

60 

420 

112 

0 

37 

400 

Nncleaiion  420C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

8/6/2004 

330 

HA 

121 

90 

HA 

90 

420 

112 

0 

37 

300 

Nncleation  420C,  Si2H6  100, 400  mT,  10  min. 

Eqnevy 

8/9/2004 

330 

8.15 

121 

89.9 

5.27 

150 

425 

100 

60 

40 

400 

Nncleation 400C,  Si2H6  200, 400  mT,  5  min. 

chenyj 

8/9/2004 

350 

HA 

121 

90 

NA 

60 

420 

112 

0 

37 

400 

Nncleation  420C,  Si2H6  100, 400  mT,  10  min. 

Wehriy 

Eqnevy 

8/9/2004 

8/10/2004 

Injector  pressure  83.  Injector  changed. 

390  7.79  121  89.7  1 

4.61 

150 

425 

100 

60 

40 

400 

Nncleation 400C,  5i2H6  200, 400  mT,  5  min. 

Eqnevy 

8/11/2004 

349 

733 

121 

89.9 

NA 

45 

350 

0 

60 

ISO 

300 

Nncleation 350C,  Si2H6  100, 300  mT,  1  min. 

Eqnevy 

8/12/2004 

330 

763 

121 

90 

4.73 

300 

425 

100 

60 

40 

400 

Nncleation 400C,  Si2H6  200, 400  mT,  5  min. 

Eqnevy 

8/14/2004 

351 

804 

121 

89.9 

NA 

5 

300 

0 

60 

180 

300 

No  nncleation. 

Eqnevy 

8/14/2004 

330 

804 

118 

89.9 

5.04 

300 

425 

100 

60 

40 

400 

Nncleation 400C,  Si2H6  200, 400  mT,  5  min. 

wiow 

chenyj 

8/16/2004 

8/16/2004 

Verify  that  the  front  injector  is  leaky.  Plugg 
immediately  to  seio  once  the  N2  flow  was 
330  8j6  121  90  j 

;ed  up  the  front  injector  port  with  a  rod,  pumps d  out  the  line,  and  then  fb  w  N2  to 
turned  off, 

1  NA  120  420  110  13  40  400  1 

build  np  some  pressure .  Hie  pressure  dropped 

Nucleation  420C,  Si2H6  100, 400  mT,  10  min. 

chenyj 

8/17/2004 

330 

86 

121 

90 

NA 

180 

325 

0 

0 

80 

400 

Nucleation  400C,  Si2H6  100, 400  mT,  20  min. 

chenyj 

8/17/2004 

330 

86 

121 

90 

4.3 

150 

420 

no 

40 

40 

400 

Nucleation  4200,  Si2H6  100, 400  mT,  10  min. 

Wehrly 

bob 

Wehrty 

ebhim 

8/19/2004 

8/19/2004 

8/19/2004 

8/19/2004 

Injector  pressure  863.  Injector  changed. 
The  manifold  was  inspected  and  cleaned. 
Tystax20  front  injector  for  the  dopant  line  h 
swithing  of  the  one  injector  or  the  other  wh 
347.1  731  117  89.6  1 

ns  been  capped  off.  Tjstar20  line  that  went  to  the  font  injector  now  has  been  hoc 
an  the  gas  ring  is  an.  As  hooked  up  at  present  the  left  injector  oan  onlybe  reed  by 
1  NA  20  425  100  6  0  70  400  1 

ked  np  to  the  right  rear  injector.  This  will  allow 
'manually switching  it. 

Nncleation  425C,  Si2H6  100, 300  mT.  10  min. 

wfcw 

8/19/2004 

HA 

HA 

NA 

NA 

NA 

60 

425 

100 

36 

60 

400 

Nncleation  425C,  Si2H6  100, 300  mT,  15  min.  No 

chenyj 

8/19/2004 

HA 

HA 

NA 

NA 

NA 

90 

420 

110 

30 

40 

400 

standby  info  Test  right  rear  injector. 

NA 

wfow 

8/20/2004 

HA 

HA 

NA 

NA 

NA 

60 

425 

100 

16.5 

60 

400 

Nncleation  4250,  Si2H6  100, 300  mT,  15  min.  No 

wlow 

8/20/2004 

HA 

NA 

NA 

NA 

NA 

60 

350 

0 

16.5 

100 

300 

standbyinfo.  Test  right  rear  injector. 

Nncleation  4500,  Si2H6  100, 300  mT,  15  min  No 

chenyj 

8/20/2004 

330 

HA 

121 

90 

0.22 

180 

325 

0 

0 

80 

400 

standbyinfo.  Test  right  rear  injector. 

Nncleation  4000. Si2H6  100. 400  mT.  20  min 

ebhim 

8/27/2004 

351.7 

7.71 

118 

89.9 

NA 

25 

425 

100 

60 

TO 

400 

Nncleation  4250,  Si2H6  100, 300  mT,  10  min 

jimmygmc  8/25/2004 
ebtLm  8/26/2004 
chenyj  8/28/2004 
wbw  8/28/2004 

jimmygmc  8/30/2004 


Wehriy  8/30/2004 


hfeie  N2dope  a  variable  in  recipe  SiGeBC13. 

3485  7.71  118  89.9  NA  25  425  100  60  70  400  jNucleatton425C,  Si2H6  100, 300  mT,  10  min. 

350  75  121  90  3.8  150  420  110  40  40  400  [Nucleation  420C,  Si2H6 100*400  mT,  10  min. 

Tried  to  load  the  new3iGsBC13  recipe  in  the  fiimace.  got  error  "recipa/configuTalion  mismatch.  Must  re-edit'.  This  happened  to  ell  recipes. 

Deleted  allreripee.  Downlo  si  c  onfiguratiDn  files  and  other  recipes  ftom  DCS  30.  The  recipe  can  only  load  once  without  problem.  After  a  few  recipe  loadings,  FCS1 0  displays 
strange  messages.  The  FC  SI  0  may  need  to  be  hard  rebooted,  soft  rebooted  doesn't  help. 

Reloaded  configuration.  Two  re  tapes  btoirib  .020  ardsigevarb.020  were  able  to  be  downloaded  into  tystar20  without  problems.  Loadedeach  one  into  the  tystar20  and  had  no  conflg 
mrsuafeh.  When  standby  recipe  was  loaded  in  and  ran  one  time,  the  recipe  would  load  correctly  the  first  time  then  all  other  recipes  including  the  standby  recipe  would  give  aconfig 
mrsnatoh.  If  configuration  is  loaded  again  the  recipes  will  work.  Will  continue  to  monitor. 


Jimmy  cam  maud  loaded  in  three  more  recipes  with  no  problems.  Loaded  the  min  two  more  times  with  no  problems.  Found  fan  stopped  on  right  side  of  unit.  Started  fan  manually. 
Stamtoy  recipe  was  (too  rte  d. 

Leah  check  and  rate  of  rise  are  good.  Started  standby  recipe  and  started  running  without  problems  thru  the  2nd  tamp  step. 

350  75  121  90  |  0.22  190  325  0  0  80  400  [No  nuctealiom. 

Screen  was  frorsn  and  would  not  respond  to  any  command  when  I  pressed  'Menu"  and  later  it  became  completely  black.  There  is  an  alarm  "No  Autofon  the  backside  of  the 
furnace. 

dear  ahum  and  PCS-1 0  fin  nt  pannel. 

GeH4  tank  change. 

330  758  121  89.9  |  4.5  2  3  0  350  0  60  180  300  |No  nuclestion 

Stamtoyrecipe  was  drorted. 

Check  fire  tttoe  and  could  not  repeat  the  problem.  The  reason  mayby  that  some  time  the  MFC  opens  up  faster  than  the  gate  valve  after  the  leakchecketep.  Adjust  the  pressure  check 
step  after  tha  leakckeck  step. 

350  751  121  90  NA  140  325  0  0  80  300  [Nucleation 425C,  Si2H6  100, 300  mT,  45  min. 

350  75  121  90  NA  70  420  110  3  0  40  3  00  Nucleate 420C,  Si2H6  100, 300  mT,  10  min. 

Nucleation425C,  Si2H6  100, 300  mT,  15  min.  Right 

NA  NA  NA  NA  NA  60  425  100  60  400  rear  injector.  No  improve  me  nt  in  XW  uniformity  with 

“'MopeJ  |n2dope. 


chenyj 

9/3/2004 

350 

791 

121 

90 

NA 

140 

325 

0 

0 

80 

300 

chenyj 

9/4/2004 

350 

79 

121 

90 

NA 

70 

420 

110 

30 

40 

300 

wfcw 

9/4/2004 

NA 

NA 

NA 

NA 

NA 

60 

425 

100 

3.6  (+26 
ri2dope) 

60 

400 

w bw 
chenyj 
Wehriy 

9/4/2004 

9/6/2004 

9/7/2004 

1 

*Si2Hjtihak*  alarm  in  unit  CVD460-1 96  was  on  a  few  times.  In  all  cases,  Si2H6  was  not  supposed  to  be  running. 
ASiGe  coaled  sample  was  etched  in  piranha.  The  recipe  was  the  same  before,  but  piranha  never  hurt, 
flan— nt  repeat  Si2H6  leak  problem. 

chenyj 

9/7/2004 

330 

79 

121 

90 

3.2 

60 

420 

110 

30 

40 

300 

chenyj 

9/9/2004 

330 

NA 

121 

90 

NA 

90 

420 

110 

30 

40 

300 

chenyfs  recipe  is  close  to  the  "et^e"  with  respect  to  certainresponsea  end  eventually  yields  results  past  the  sigma  values, 
bgectorpessure  831.  Injector  changed. 


Nucleation 420C,  Si2H6  100, 300  mT,  5  min. 
Nucleation400C,  Si2H6  100, 300  mT,  5  min. 


330  726  121  90  NA  30  325  0  0  80  3  00  Nucleation 400C,  Si2H6100, 300  mT,  3  min. 

330  NA  121  90  NA  10  420  110  0  40  3  00  Wucleation400C,  Si2H6100, 300  mT,  5  nun.  Quartz 

(tube  cracked. 

After  I  loadedthe  wafer  and  boat  completely  went  in,  I  heard  a  sharp  sound  followedby  gas  leakage.  One  of  the  string  was  found  loose.  The  process  stayed  at  idle  when  I  returned 
to  check.  The  htoe  was  found  broken  later,  (enabled  7 1 1  hr,  208  hr  of  depo) 

Install  newquartzware  and  injector.  Base  pressure  and  rate  of  rise  are  good. 

Install  newBC13  MFC.  20  seem  full  range  calibrated  to  He.  Pumped/purged  then  hard  pumped  and  leek  checked.  LeakcheckOK. 

445  833  121  895  |  4.97  130  425  100  6  0  40  400  [Nucleation 400C.  Si2H6  200, 400  mT.  5  min. 

Patrick  Wehriy  decides  to  retire  after  ten  years  of  service  in  the  Miciolab.  Bob  Prohaska  will  be  the  nextteni  chian  for  all  the  LPCVD  furnace. 


wfew  10/1/2004 

350 

7.78 

US 

89.6 

NA 

60 

425 

140 

12 

60 

6Q0 

Nucleation425C,  Si2H6  100, 300  mT,  10  min.  6 
wafers  only,  open  boats  28"  from  door. 

chenyj  10/2/2004 

350 

NA 

121 

90 

NA 

120 

420 

110 

0 

40 

300 

No  nuckalian. 

chenyj  10/2/2004 

350 

NA 

121 

90 

0.09 

45 

325 

0 

0 

30 

300 

No  nucleaiian. 

chenyj  10/3/2004 

350 

NA 

121 

90 

NA 

120 

420 

110 

0 

40 

300 

No  nucleaiian. 

vidya  10/4/2004 
Equevy  10/5/2004 

7.95 

117 

89,5 

150 

425 

100 

60 

40 

400 

Nucleation400C,  Si2H6  200, 400  mT,  5  min. 

Msyoum  10/5/2004 

0.21 

230 

425 

100 

IS 

60 

400 

Nucleation425C,  Si2H6  100. 400  mT,  15  min. 

Equevy  10/7/2004 

Computer  ftozen  while  ante  King  recipe.  Communication  lost  with  the  furnace,  alarm  in  the  back.  Problem  solve  later. 

No  nucleaiian. 

Equevy  10/7/2004 

350 

8.17 

118 

89.2 

4.72 

72 

350 

0 

60 

180 

300 

The  boat-inJbntsfcp  in  software  seemed  to  be  raessedup.  Some  fames  when  I  pressd  'event'  after  I  loaded  my  wafers,  the  boat  entered  onlhy  half-way  and  then  came  out 
clxnyj  10/10/2004  automatically  wife  "boa  tout"  showing  on  the  CRT  screen.  Today  the  boat  stopped  movement  before  the  door  is  closed,  both  manual  end  auto  modes  did  not  make  door  close 
succeafully.  Finally  1  used  my  hands  to  push  the  boat  in. 


wfaw  10/30/2004] 


jnnm^mc 

Equevy 

jimnugmc 

Equevy 

Meyoum 

Equevy 

wJotv 


11/2/2004 

11/3/2004 

11/3/2004 

11/3/2004 

11/3/2004 

11/5/2004 

11/8/2004 


chenyj 

10/10/2004 

350 

8.16 

121 

90 

NA 

10 

420 

110 

0 

40 

300 

Nucleation400C,  Si2H6  100, 300  mT,  3  min. 

chenyj 

10/10/2004 

350 

8.16 

121 

90 

NA 

90 

325 

0 

0 

80 

300 

Nucleation400  C,  Si2H6  100, 300  mT,  3  min. 

chenyj 

10/10/2004 

350 

8.16 

121 

90 

NA 

15 

420 

110 

0 

40 

300 

Nucleation400C,  Si2H6  100, 300  mT,  3  min. 

qrdhsek. 

10/11/2004 

The  drive  paHLeywv  Id  seed  on  fhe  shaft.  It  has  been  tightened. 

bob 

10/11/2004 

GeH4  tank  changed. 

Equevy 

10/11/2004 

350 

300 

425 

100 

60 

40 

400 

Nucleation 400C,  Si2H6  200,  400  mT,  5  min. 

likVpKnQ 

10/11/2004 

450 

9.11 

4.38 

165 

425 

115 

40 

60 

400 

No  nuckalion. 

bub 

10/12/2004 

InjectorpEssure  882.  B2H6  injector  chani 

red. 

IO 

Equevy 

10/12/2004 

350 

7.73 

118 

89.2 

7 

300 

0 

60 

180 

300 

No  nucleation 

Equevy 

10/13/2004 

350 

7.73 

118 

89.3 

300 

425 

100 

60 

40 

400 

Nucleation 400C,  Si2H6  200, 400  mT.  5  min. 

Equevy 

10/14/2004 

350 

120 

425 

100 

60 

40 

400 

Nucleation 400C,  Si2H6  200, 400  mT,  5  min. 

chenyj 

10/16/2004 

350 

889 

121 

90 

4.89 

120 

420 

110 

50 

40 

300 

Nucleation 400C,  Si2H6  100, 300  mT,  3  min. 

chenyj 

10/20/2004 

350 

9.19 

121 

90 

60 

430 

110 

0 

40 

400 

Nucleation 400C,  Si2H6  100,  B2H6  100, 400  mT,  3  mir 

tihtpKn? 

10/21/2004 

350 

9.12 

117 

89.3 

0.5 

90 

400 

100 

0 

20 

800 

Nucleation 400C,  Si2H6  100,  400  mT,  3  min. 

Nucleation 400C,  Si2H6  100, 400  mT,  3  min.  Took  1 

hint*  tin  2 

10/22/2004 

350 

9.13 

118 

89  4 

0.5 

120 

400 

100 

0 

35 

800 

hr  45  min  to  stabhze  to  400  C. 

bhhelm2 

10/24/2004 

350 

9.1 

117 

89.5 

0.18 

0 

0 

0 

0 

0 

0 

Nucleation 400C,  Si2H6  100, 400  mT.  2  hi. 

btehelm2 

10/25/2004 

350 

9.11 

US 

89.6 

0.49 

0 

0 

0 

0 

0 

0 

Nulceation400C,  Si2H6  200, 800  mT.  4  hi. 

btehelm2 

10/28/2004 

350 

902 

117 

89.2 

0.49 

150 

410 

150 

0 

10 

800 

No  nucleation. 

btehelm2 

10/29/2004 

350 

9.11 

US 

89.6 

0.49 

300 

410 

150 

0 

10 

300 

No  nuckaitom. 

Found  furnace  running  standby  recipe,  teq2  step.  Set  temp  is  450  C,  but  center  temp  is  only 2  89  C,  stuck  at  this  step  for  more  than  a  day.  Changed  set  tamp  to  300  C,  and  put 

furnace  on  hold. 

Reset  teu,  firing  package  and  ffcslO.  Temp  started  to  respond.  Ram  the  standbyrecipe  without  problem.  Done  tcu  calibration. 

Gommnnjcatin) Mure  with  DCS30.  No  monitoring. 

Turned  off  DCS30  and  restarted.  Went  into  the  tcu  calk) ration  program  end  disconnected  the  communication.  DCS30  is  recording  furnace  info  now. 


350 

9J05 

US 

89.6 

45 

350 

0 

60 

ISO 

300 

No  nucleation. 

240 

400 

100 

18 

45 

300 

Nucleation 425C,  Si2Hd  100. 400  mT,  15  min. 

350 

9.1 

119 

89.8 

150 

425 

100 

60 

40 

400 

No  nucleation. 

|Si2H6  ran  out.  Stamliy  recipe  aborted  at  coat  step. 


to 

u> 

4^ 


bob 


Performing  injector  maintenance.  (BC13  injector  is  changed  by  error), 
l&mtaoance  notes  flora  bob  (09-nov-2004 14:12:48) : 

The  SS  injector  on  tysterOO  has  been  changed.  The  installed  injector  was  first  measured  with,  a  capillary  gauge  to  assure  the  orifices  were  open  at  to  specification.  The  0-100  torr 
injector  pressure  gunge  was  re  zeroed  (added  +.25  torr  to  zero).  The  following  pressure  correlations  were  measure  d  (c  togg  ed  B  2H6  injector  reading): 

N2DOFE  seem  Injector  Pressure/ torr  (Temp  450C) 


11012004 


10 

20 

40 

60 

80 

100 


3.1 

43 

6fi7 

836 

934 

11.17 


To  asnre  the  injectors  meet  spec.  1  am  ordering  additional,  new  injectors  and  have  ordered  a  set  of  carbide  drills  to  match  the  orifices. 
tjstar20  is  in  standee  and  ready  for  use. 


blahs  lin2  110/2004  330 


sheio 

Equsvy 

wlow 

Equevy 

Eqnevy 


bob 

bob 

wlow 


11/12/2004 

11/13/2004 

11/13/2004 

11/16/2004 

11/17/2004 

11/18/2004 

11/19/2004 

11/19/2000" 

11/19/2004 


1031 


118 


89.3 


7.5  8  485/35  425/425  100/100  60160 


65/58  40Q/B0O  ^P06^011-  No  nucleation.  Deposition  injector 

[praeere  taken  at  2nd  layer. 

Maintenance  notes  fiom  bob  (10-nav-2004  15:1927)  :  (BC13  injector  is  changedbyermr  again) 

The  injector  installed  11/09  was  removed  and  inspected.  There  is  no  dbout  it  is  100%  open  —  unobstructed  and  the  orifices  are  sized  correctly.  A  spare  injector,  freshly  drilled  and 
withanopenbme  was  installed.  The  following  N2DOPE  pressures  were  recorded  (clogged  B2H6  injector  reading): 

N2DOPE  seem  Presume  Temp-  350C 
bob  11/10/2004  2D  5  9 

40  737 

60  9.44 

80  1106 

100  123 

Perform  mg  injector  maintenance. 

Maintenance  notes  fiom  bob  (10-nav-2004  17:17118)  : 

It  is  likely  I  have  e noted  and  b  een  chang  ing  the  wrong  injec  tor.I  have  chang  ed  the  other  inje  ctor  and  here  are  the  resells: 


N2DOPE  seem  mtorr 
bob  11/10/200420  322 

40  4.76 

60  6.00 

80  738 

100  803 

3473 


temp  350C 


7.45 

118 

89.4 

4.77  150 

425 

100 

60 

40 

400 

No  nucleaiton. 

5  392 

425 

100 

60 

40 

400 

SiOeyarb  recipe .  No  nucleation. 

834 

117 

89.5 

Injector  monitor.  No  deposition. 

833 

117 

89.2 

5 

300 

0 

60 

ISO 

300 

No  nucleation. 

834 

121 

89.5 

392 

425 

100 

60 

40 

400 

No  nucleation. 

3473 
351 
350 

GeH4  tank  change. 

Si2H6  tank  change . 

Install  quarts  inje  ctor  for  BCE  line . 

New  qurtz  injector  standby  conditions:  temp=350,  prcpr=118  n2dope=89.6,  irrjtpresure=7.6 


235 


wb  w 

wb  w 

(riow 

bob 


11/19/2004 

11/190004 

11/190004 

11/190004 


Few  esc  got  inti  SHLD  fbrSi2H6  leak.  Exitedoat  of  SHLDandian  the  recipe  again,  pieces  completed  without  problem 
The  Si2H6  problem  is  cleared  wb  understanding  the  cause.  Will  monitor. 


wbw  11/310004  3489 


wbw 

bob 


11/220004 

11/220004 


Frmn^hfl(:tT»ptVTiHfyfTiipl/t  i  limning 

The  center  TC  defaulted  to  the  backup  TCforuriknown  masons.  Exchanging  the  GO  TC  forthetl9didnothelp.  In  toe  process  of  cheeking  wiring  the  problem  denied.  Heittjgtoi 
visit  well  trace  through  the  wiring  harness. 

Verified  tfc  connections;  also  found  spike  tic 'e  were  loose  in  the  spring  holder.  I  tightened  all  toe  springs  so  tic's  ware  tight  against  tube  and  not  easy  to  move  .  I  noticed  a  big  change 
in  toe  spike  leading  for  none  1  and  3. 

11 020004  TC  connections  for  zone  1  and  5  were  switched  by  mistake. 

1 1 £2/2004  Preform  toe  anal  calforarion. 


even  11/220004 

bob 
vbv 


wbw  11/23/2004 

3506 

9112 

117 

89.4 

0.53 

300 

425 

140 

12 

60 

600 

Nndeation  425C,  Si2H6  100, 300  raT,  10  min. 
Nucleation423C.  5i2H6  100. 300  mT,  10  min.  Recipe 

wbw  11/24/2004 

351.7 

9.17 

117 

89.4 

0.5 

300 

423 

140 

6 

60 

600 

aborted  at  NUCL  for  Si2H6  problem  twice,  3rd  rerun 
pmuwri 

bob  11/340004 


jnnmjgmc 

bob 

bob 


11/290004 

11/290004 

11/300004 


350 

3492 


9.15 

7.6  quarts 


121 

118 


896 
89  J5 


033 


60 


410 


130 


30 


600 


893 


117 


896 


0.3 


60 


440 


130 


18 


70 


600 


Si2H6  coating  with  standby  mope.  Fmssn 
for  B2H6  injector.  Ho  depoation. 

Nndeation  410C.  SSH6  100, 300  uT,  10  rain.  Recipe 
aborted  at  NUCL  for  Si2H6  problem.  Reran  OK. 


Nndeation  440C,  Si2H6  100, 300  mT,  10  min.  Recipe 
aborted  at  HUCL  for  Si2H6  flow  error,  reran  wio 

pH  l/fliw 


The  Si2H6  cylinder  is  unregulated  and  currently  de  livery  pressure  is  40  pa.  It  is  poeible  toe  recipe  tolerances  ara  resulting  in  a  flow  fecit.  Because  the  run  eventually  succeeded 
wall  wait  on  addressing  this  issue  until  Jinunyis  back  andean  review  the  DCS30  logs. 

Nndeation  44QC,  5i2H6  100, 300  mT,  10  min.  Recipe 
aborted  at  NUCL  for  5i2H6  flaw  emu;  reran  w/o 

pirhlwn 

Nndeation  41 0C.  Si2H6  100, 300  mT,  10  min.  Recipe 
aborted  at  NUCL  for  Si2H6  problem.  Reran  OK. 
Nndeation  440C,  Si2H6  100, 300  mT,  10  rain.  Recipe 
aborted  at  NUCL  for  Si2H6  flow  error,  reran  wio 
problem.  Then  again  A  mii>  wtn  depo  forSiH4 

problem.  179  of 

depo.  30  psiStH4  left  afterdepo. 

No  deposition.  Qurtz  inje ctor  monitor.  Pressure  stays 
after  24  hr  23  min  of  BCD  dooositioiL 
ptudeation  400C.  Si2H6  100. 300  mT.  3  rain, 
c becked  the  DCS30  PC  data  log.  found  that  for  toe  past  tow  runs,  the  Disilane  (Si2H6)  did  not  turn  off  in  time  when  running  lOOsccm.  It  tnmaddown  to  3  seem  and  gradually  to 
off.  The  total  time  took  over  6  minutes. 

I  suspect  that  toe  cylinder  presure  maybe  too  high  (4Dpsi).  Usually,  toe  MFC  needs  only  18  psi for  normal  operation. 

Since  toe  leak  alarm  was  generated  by  the  NFC460,  it  is  not  possible  to  modify  the  recipe  tolerance  to  eliminate  the  problem . 

tyster20  re  meins  down  for  toe  time  being  while  we  replace  a  defective  purge-gas  valve.  Tystar20  should  be  available  11/30, 10  AMish  following  restoration  of  toe  SiH4  end 
mraovul  of  the  BCD  test  injector. 

Removed  the  qtz.  BCD  injector,  bagged  and  placed  on  top  of  the  tystarbankS  pump  cabinet  for  Carrie's  review.  Installed  aninjetor  "stub"  in  lieu  of  tide  injector.  Installed  recipe 
SIGESTNC.020. 


wbw 

11/24/2004 

4398 

1003 

118 

896 

0.5 

180 

440 

130 

18 

70 

600 

wlo  w 

11/23/2004 

3532 

927 

117 

893 

033 

380 

410 

150 

6 

50 

600 

wbw 

11/26/2004 

3533 

924 

117 

893 

033 

185 

440 

130 

6 

70 

600 

wbw 

11/26/2004 

3573 

7. 71  quartz 

118 

896 

chenyj 

11/29/2004 

350 

121 

90 

120 

325 

0 

0 

80 

300 

chenyj 

12/1  £2004 

350 

9.11 

121 

90 

120 

420 

110 

50 

40 

300 

Nrudeatioa400C,  Si2H6  100, 300  mTan,  2  min. 

elai 

12/1/2004 

350 

7J8(?) 

552 

90 

350 

0 

60 

180 

300 

No  uncle  ahem 

chato 

12/1/2004 

Pioccjj  doesn't  seem  to  pragma.  It  ismSHLD  step 

bob 

12/3/2004 

Thane  is  an  issue  with  stable  dieflane  delivery.  The  mess  flour  controller  is  suspect  and  will  be  replaced  on  Monday  In  the  meantime,  120  is  m  use;  however,  dinihim  delivery  maybe 

a  jnxtram. 

ehsio 

12/3/2004 

350 

8.4(?) 

521 

150 

400 

100 

60 

40 

400 

No  uncle  atim. 

wfcw 

12/5/2004 

349.1 

9.89 

118 

896 

B2H6  injector  monitor.  No  deposition. 

bob 

12/5/2004 

The  dkHaae  MFC  has  been  changed.  The  rew  MFC  wa 

fafcH  in  namnl  mnA*  It  sems 

to  end  well 

12/5/2004 

350 

995 

117 

895 

NA 

27 

400 

100 

60 

40 

800 

No  merle  etirm 

rfrnhnA 

12/7/2004 

Injector  pressure  10Ttnzat350C.B2H6ii 

jectorchanged. 

Equevy 

12/7/2004 

350 

7.4 

117 

893 

462 

150 

435 

100 

60 

40 

400 

Nncle*tkm400C,  Si2H6  200, 400  mT.  5  min. 

blahalm2 

12/10/2004 

350 

7.71 

121 

89.7 

3/4.02/4/16/100/30 

415 

00/115/10  60/40/40 

65/45/65 

400 

rnlajBi  depo .  Noc  baton  400C.  SL2H6100. 40QmT.5 
min. 

Equevy 

12/10/2004 

350 

753 

118 

895 

NA 

38 

350 

0 

60 

180 

300 

No  uncle  ation. 

Equevy 

12/10/2004 

B2H6  bottle  depleted.  F 

ITTW» 

went  toSHLD  stop  affcr  38  min. 

of  deposition  I  swifchthe  finance  to  PMFC  to  finish  the  recipe  and  pnt  it  bach  to  sfantoy. 

limn 

12/15/2004 

Phdir  rwiTiyp  pniM*  Hue  Ins  been  icpbiced,  wi&  stainless 

steel 

bob 

12/16/2004 

Install  nc  w  quartz  inje  ctor  fo  i  BC13  line .  Tire  previous  quartz  mi  ec  tor  was 

somehowbroken sitting  on 

to  p  of  the  pump  cabinet . 

wiow 

12/17/2004 

347.1  7.68  quartz 

117 

893 

No  deposition.  Quits  injector  monitor. 

wlow 

12/17/2004 

3456 

7.73 

117 

895 

0.5 

60 

440 

150 

6 

50 

600 

Nucleation410C.  Si2H6  100, 300  ml.  10  min. 

wiow 

12/17/2004 

406.7 

824 

117 

893 

0.5 

60 

410 

130 

18 

70 

600 

Nnclea1ion440C,  Si2H6  100, 300  mT,  10  min. 

wbw 

12/19/2004 

3456 

7.71 

117 

895 

0.5 

300 

425 

140 

18 

60 

600 

Nndeatk>n425C.  Si2H6  100. 300  mT.  10  min. 

wiow 

12/20/2004 

3579 

722 

117 

895 

0.5 

420 

410 

150 

18 

70 

600 

Nrucleation  410C,  Si2H6  100, 300  mT,  10  min. 

wiow 

12/21/2004 

344.7 

7.73 

117 

893 

0.5 

45 

350 

0 

12 

100 

300 

Nrucleation  350C,  Si2H6  100, 300  mT,  20  min. 

wiow 

12/21/2004 

4522 

853 

117 

895 

0.46 

257 

440 

150 

6 

50 

600 

Nrucleation  440C,  5i2H6  100, 300  mT,  10  min. 

wiow 

12/22/2004 

351.1 

7.74 

117 

89.4 

0.43 

250 

410 

130 

18 

70 

600 

Nndentbn410C,  Si2H6  100, 300  mT,  10  min. 

wiow 

12/23/2004 

3509 

7.7 

117 

89.4 

0.4 

265 

440 

150 

18 

50 

600 

Nrucleation 440C.  Si2H6  100. 300  mT.  10  min. 

wiow 

12/23/2004 

430.7 

834 

117 

895 

039 

290 

425 

150 

12 

50 

600 

Nrucleatmn425C.  Si2H6  100. 300  mT.  10  min. 

Nucleate) n 440 C.  Si2H6  100. 300  mT.  10  min.  9604 

wiow 

12/24/2004 

3502 

7.72 

117 

89.4 

0.41 

135 

440 

130 

6 

70 

600 

seem  ofOeH4  consumes  6.5  psi  of  due  bottle. 

fahauchi 

12/27/2004 

Sl2Hfi  KaeWit  aAVd  flgn  wtiMiWn  jniftCTT 

ie  SiQeBCB,  depoationstep. 

wiow 

12/27/2004 

HA 

HA 

NA 

NA 

0.47 

5 

425 

25Si2H6 

12 

175 

600 

Nrucleation  425C,  Si2H6  100, 300  mT,  10  min.  Recipe 

check  for  Si2H6. 

bob 

12/28/2004 

GeH41nnk  change. 

wbw 

12/28/2004 

341.7 

728 

117 

89.4 

051 

230 

425 

130 

12 

70 

600 

Nrucleation  415C.  3i2H6  100. 300  mT.  10  min. 

wbw 

12/28/2004 

4565 

822 

117 

893 

051 

335 

410 

130 

6 

70 

600 

Nncleatbn410C.  Si2H6  100. 300  mT.  10  min. 

wbw 

12/291/2004 

3465 

722 

117 

896 

0.47 

60 

425 

25Si2H6 

12 

175 

600 

Nrucleation  425C,  Si2H6  100, 300  mT,  10  min. 

wbw 

12/29/2004 

NA 

NA 

NA 

NA 

025 

287 

350 

0 

12 

100 

300 

Nrucleation  350C,  Si2H6  100, 300  mT,  20  min. 

wbw 

12jQQ72004 

355.7 

729 

117 

893 

051 

318 

410 

140 

12 

60 

600 

Nndeation410C,  Si2H6  100, 300  mT,  10  min. 

wbw 

12/31/2004 

3556 

796 

117 

89.4 

051 

218 

440 

140 

12 

60 

600 

Nrucleation  44QC,  Si2H6  100, 300  mT,  10  min. 

— i 


(riow 


Performing  BCD  quarts  injector  monitor  after  59  hours  of  BCE  doped  deposition 
N2DOPE  (see  m)  Inje  ctor  Pre  ssure  (ton)  T emp  (da  g  C)  FRCFR  (To  nr) 


10 

2.29 

3635 

22 

20 

3.37 

3633 

39 

30 

4.23 

363 

54 

12/31/2004 

40 

4.95 

3627 

67 

50 

5.59 

362.1 

7S 

60 

6.2 

3613 

39 

70 

6.72 

360,6 

93 

30 

7.24 

3595 

110 

90 

7.71 

3535 

117 

bob 

bob 

jrmmygmc 
me  nail 


1/5/2005 

1/6/2005 

1/18/2005 

1/18/2005 


A  new  B2H6  cylinder  is  connected  to  tystnr20.  It  is  herd  pumping  overnight  and  will  be  turned  on  1/6  by 9  ara.  T20  will  be  up  tomo  trow. 

The  newB2H6  cylinder  ie  installed  The  quartz  injector  usedbyCanie  Low  over  the  holidays  has  been  removed.  This  quartz  irrje  ctor  braise  during  removal  due  Id  mechanical  force. 
A  dummyquartz  stub  has  replaced  it  and  the  valve  on  the  dopant  line  to  this  dummy  injector  has  been  closed.  The  B2H6  standees  injector  was  removed  and  replaced  with  a  craned 
injector,  the  current  injector  pressure  is:  90  seem  N2dope  -7.03  Tarr. 

Found  fhe  standby  recipe  at  special  hold  step.  Check  the  history  and  found  the  reason  was  pressure  high.  Check  the  pump  and  found  it  is  off.  Equip  staff  please  check  the  pump.  Ifit 
is  OK,  please  restart  foe  pump.  Tystar20  is  down. 

Re  started  the  pump.  Rsadyforuse. 


jimmygmc 

wlow 

bob 


2/3/20Q5 

2/3/20Q5 

2/4/2005 


bob  2/4/2005 


rpibhaA 

bob 

bob 


2/7/2005 

2/8/2005 

20/2005 


bob  2/10/2005 


equsvy 

1/19/2005 

350 

74 

119 

89.9 

340 

425 

100 

60 

40 

4D0 

Nucleation  4Q0C,  Si2H6  20D,  5  min. 

chenyj 

1/20/2005 

350 

7.87 

120 

90 

no 

420 

no 

35 

40 

3D0 

Nucleatiom  400C,  SI2H6  10Q,  3  mm. 

chenyj 

1/23/2005 

350 

7.43 

120 

90 

120 

325 

0 

0 

so 

300 

Nucleation  400C,  Si2H6  10Q,  2  mm. 

Equevy 

1/23/2005 

350 

7.23 

118 

89.2 

5 

300 

0 

60 

180 

300 

No  nuc  leal  ion. 

chenyj 

1/26/2005 

350 

7/8 

121 

90 

110 

420 

110 

35 

40 

300 

Nucleation  400C,  Si2H6  100, 3  min. 

bob 

2/3/2003 

Marie  requested  to  install  a  ne  w  qaurtz  inje  ctor  fo  r  the  BCE  line. 

Meyoum 

2/3/20Q5 

350 

69 

101 

89 

[Recipe  aborted  due  to  5LH4  error. 

Found  that  tystarl  1&12  flow  SiH4  without  problem,  but  both  tystarlP  and  20  could  not  flowSiH4.  Traced  the  gas  trie  and  could  not  found  any  valve  closed.  The  recipe  is  set  to 
wait-Lab  member  can  unload  her  wafers.  Tystar20  is  down  for  any  process  that  uses  SiH4.  Equip  staff  please  double  check  the  gas  lines. 

Standbyiecipe  aborted  due  to  Si2H6  flow  error. 

There  ie  a  definite  problem  with  SiH4  flow  on  120.  At  2000  seem  flow.  The  supply  was  exhausted  in  -  3  minutes.  TystarlP  was  tested  and  could  still  flow  SiH4.  We  will  replace  the 
SiH4  mfc  for  tystaf20  later  this  afternoon  and  see  if  this  is  e  fix.  tystar20  remains  down  and  will  hope-full  be  up  by  the  end  of  today. 

AnewSiH4mfb  was  installed  on  120.  There  is  an  issue  with  the  3iH4ftow.  We  cannot  complete  rep-airs  today  and  need  to  tkke  the  SiH4  circuit  offline  on  hdondayto  make  further 
checks.  120  is  down  and  locked  for  the  weekend. 

There  seems  to  be  something  amiss  with  the  460.  A  new  mfc  does  not  work  under  the  control  of  die  460  but  does  work  perfectly  under  control  of  a  test  electronics  package. 
Substituting  a  new  cable  ftom  460  to  aMmfc  results  in  _cfcll_  wrong,  but  different,  behavior. 

The  tystar20  SiH4  flow  issue  has  been  traced  to  the  delivery  line.  We  will  open  the  line  for  inspection  in  the  morning. 

The  flowissue  with  120  has  been  located  and  fixed.  Tomorrow,  (2/09/05)  I  will  check  the  GeH4  and  SiH4rafc's  for  flow  values.  If  allis  well  the  tube  should  be  back  available  by 
the  afternoon. 

Found  the  ges  ring  line  hooked  up  lo  the  front  injector  port.  Clogged  port  caused  gas  flow  problem.  The  SiH4erdGeH4 0-200  mfeswere  removed  and  the  calibration  measured  and 
recorded.  Botham  correct.  Previous  SiH4 flows  were  likely  7554  ofsel  values.  Carrie  Low  will  compare  previous  runs  to  compare  results.  Carrie  is  also  looking  into  ways  to 
monitor  flow  and  ratios  for  SiH4  and  GeH4. 


wbw  2/10/2003 


wtow  2/10/2005 
jimmygmc  2/11/2005 

wlow  2/11/2005 

jimmjgmc  2/11/2005 
elisiD  2/11/2005 
ctenyj  2/13/2005 

^  blahs  lin  2/14/2005 

oo 

Eqwwy  2/15/2005 
ctenyj  2/17/2005 

wlow  2/20/2005 

wfow  2/20/2005 

nbir  2/21/2005 

wfow  2/21/2005 
wbw  2/22/2005 
wfaw  2/22/2005 

vtavr  2/22/2005 

wlow  2/22/2005 
wtow  2/23/2005 
wtow  2/23/2005 


Perform  MFC  test  with  N2  flowmeter. 
MFC  Electronic  input 

N2  output  (seem) 

correction  factor 

coovertion(sccm) 

SH4  200  (before) 

100  % 

250 

0.6 

150 

SH4  200  (before) 

50% 

125 

0.6 

75 

SiH4  200  (now) 

100% 

320 

0.6 

192 

SiH4  200  (now) 

50% 

155 

0.6 

93 

GeH4200  (now) 

100% 

330 

0.57 

188.1 

GeH4200  (now) 

50% 

160 

0.57 

91.2 

GeH42D0  (new  spare) 

100% 

345 

0.57 

196.65 

GeH4200  (new spate) 

50% 

165 

0.57 

94J05 

StanAyncipe  aborted  twice  with  error  message  "IF  PRjC  PR  NE' .  Jon  Goldman  is  not  collecting  data  and  I  cannot  find  out  what  went  wrong. 

Reboot  DCS 30  PC.  Will  monitor  the  pressure. 

A  followup  on  the  standby  recipe  abort  problem:  I  was  watching  the  furnace  when  the  process  aborted  2  minutes  into  the  Si2H6  coating  step.  The  pressure  could  not  be  achieved 
andN2vac  kept  changing  values  to  adjust  the  pump.  It  always  gottoo  high  or  too  low.  Also  tested  the  PRCPR  at  manual  mode.  Flow  100  sccmN2dope,  no  other  gas.  PRCPR 
cannot  be  settled  at  300  or  400  mTorrin5  minutes.  After  10  minutes,  it  could  reach  the  set  point.  If  the  PRCPR  setpoint  is  600  mTorr,  rtcouldbe  achieved  faster.  Some  problem 
with  the  {RCPRandN2vac  feedback  control? 

Adjusted  the  pressure  oo  ntrol  constant  offset  0,  reset  2,  delayO .  The  pressure  control  can  reach  300  and  900  mTorr  in  a  minute. 


348 

350 

92 

118 

120 

90 

90 

4.51 

150 

120 

423 

323 

100 

0 

60 

0 

18 

20 

80 

400 

300 

Nncleation  400C,  Si2H6  200, 5  min. 

Nucleation400C,  Si2H6  100, 3  min. 

Nucleation410  C,  Si2H6  100, 300  mT,  10  min.  Film 
color  not  uniform.  Some  dots  as  big  as  5  mm  in 

350 

8.13 

112 

89  9 

NA 

660 

410 

150 

50 

600 

diameter  that  have  different  color  at  the  bwer  right 
comer  of  each  wafer. 

350 

8.11 

112 

892 

5.65 

340 

425 

100 

60 

40 

400 

No  nucleaiicm 

350 

896 

120 

90 

NA 

110 

420 

110 

35 

12 

40 

300 

Nncleation400  C,  Si2H6  IDO,  3  min. 

Nncleation  375C,  300  mT,  Si2H6  100, 13  min. 

356.6 

9.18 

112 

899 

0.53 

60 

375 

25  Si2H6 

0 

175 

600 

Uniformbui  high  R  film. 

456.5 

10.16 

112 

89  9 

0.57 

70 

425 

0 

0 

0 

0 

600 

Furnace  anneal.  Flow  100  seem  N2. 

Nncleation  440  C,  300  mTorr;  Si2H6  100, 10  min. 

3533 

9.17 

112 

89  9 

0.53 

60 

440 

130 

0 

18 

70 

600 

Repeat  DOE- 15  to  identify  SiH4 MFC  problem. 
Nncleation 400  C,  300  mT,  Si2H6  100, 12  min.  Cloudy 

4543 

10.15 

112 

89  2 

0.54 

60 

400 

25  Si2H£ 

0 

12 

175 

600 

film,  Larg  e  R  variation . 

Nncleation 440  C,  300  mT,  Si2H6  100, 10  min  Repeat 
DOE-ll  to  identiFySiH4  MFC  problem. 

Nncleetion  400  C,  300  mTSi2H6  100,  12  min.  Uniform 

345 

9.13 

112 

89  9 

0.57 

60 

440 

150 

0 

6 

50 

600 

458.1 

102 

112 

89  9 

0.28 

60 

400 

15  Si2H£ 

0 

IS 

185 

300 

film,  highR. 

Nncleation 425  C,  300  mT,  Si2H6  100, 10  min. 

4572 

10.19 

112 

899 

0.27 

£0 

425 

15  Si2H6 

0 

18 

185 

300 

Uniform  film,  lo  w  R.  Pressure  varied  from  250-350 
mTorr. 

Premie  varied  ftwn  250-350  mTorr  in  the 

previous  depo.  Lower  limit  of  the  pressure  is  reached  for  the  particular  gas  flows.  Need  to  adjust  PIN  setting  with  Jimmy. 

lNucleation425  CL  300  mT.  Si2H6  100. 10  min.  Cloud v 

343.4 

9.14 

112 

89  9 

0.3 

£0 

425 

25  Si2H£ 

0 

13 

175 

350 

film. 

GeH4bnk  pressure 

reaches  a 

hard  zero.  6  psi  barely 

covers  a 

1-hrdepo  with  1 75  socm. 

rprohask  2/24/2005 
rpnfaA  2/24/2005 

■far  2/24/2003 

bob  2/24/2003 

Uaha]m2  2/24/2003 

bob  2/25/2003 


bob  2/28/2003 


OJ 

'O 

wiow  3/1/2003 
wtow  3/1/2003 

jimmygmc  3/1/2003 


qrohasi  3/2/2003 

ipofafc  3/3/2003 

blabs  Hn2  3/4/2005 
blabs  Hn2  3/3/2003 

hfeyoum  3/7/2005 

jnnmygmc  3/7/2003 
rpnhaA  3/14/2005 
jimmygmc  3/22/2003 
rprohaA  4/1/2005 
jimmjguc  4/3/2003 


OeH4  tank  changed. 

Tested  pomp  throughput  with  N2 .  Tbit  corresponding  flow  and  pressure:  100-121,200-211,300-418, 1000-712, 1500-978, 2000-1236. 

Nacleation425  C,  300  mT,  Si2H6  100, 10  mm. 

336  9.19  112  89.9  0.3  60  425  15Si2H6  0  18  150  350/300  Pressure  cannot  be  etaibiliaed  al  300  mTarr.  Manually 

|charge  setpoint  to  330  mTorr. 

Jimmy  will  adjust  the  PIN  setting  to  find  tha  tight  Px  value  for  tha  pressure  fee  dback . 

Nucleation  425  C,  300  mT,  100  Si2H6, 10  mm.  Process 

330  9.15  111  89.9  NA  115  425  130  12  70  600  aborted  after  1  hr  6  mm  into  dapo.  History  shows  SiH4 

plow  problem. 

SH4  delivery  pressure  to  T20  is  23  psi-  normal.  Manually  tested  ges  flow  and  no  problem  can  be  found  a  this  time.  Will  monitor. 

With  fere  agreement  of  lab  members,  the  following  modifications  have  been  made  to  tystarSO: 

1)  fee  injector  Sue  formerly  used  for  B2H6  has  been  routed  to  the  quartz  injector. 

2)  fee  SS  injector  has  been  re  moved  and  the  tabulation  plugged  off  an  the  tube. 

3)  fee  valve  used  for  dopant ->  gas  ring  has  been  capped  at  the  rear  gas  shelf  and  no  longer  in  use. 

The  hfe/BCB  1%  is  now  the  only  boron  source  fortysiar20  (B2H6  remains  available  fortystarl  9).  The  mfc  used  far  He/BC13  remains  a  0-20  seem. 

The  oonifig  mutton  file  for  the  PCS  ID  remains  as  before  as  does  the  definition  table  on  the  ieaiMFS2  (460  controller). 

To  be  at  a  firhne  date : 

1)  Change  He/BCD  1%  mfc  from  D-20  seem  to  D-5D  seem. 

2)  Change  fee  diadane  mfc  from  0-100  seem  to  0-200  seem. 

3)  Add  series  mfm  for  insitu  ratio/flow  checks  of  SiH4,  S2H6 ,  GeH4 . 

4  Update  PCS  10  config  so  it  is  up  to  date . 

5)  Update  fee  MPS2  (460  controller)  deflntionlabfe. 

6)  Update  recipes 

Did  marmalgas  flow  test  to  verify  the  injector  pressure  gauge  connection  The  injector  pressure  gaugue  is  now  reading  the  BC13  quartz  injector  pressure.  Should  choose  "gas  ring 
off"  option  to  flow  BCD,  opposive  to  before. 

The  furnace  got  into  a  strange  "STBY"  mode,  cannot  get  dback  to  normal  with  serval attempts. 

Checked  fee  tube  configurations,  it  was  ok.  Found  all  the  recipes  were  corrupted.  Down  loededbtoutb,  sigestnc,  and  sigebcl3  into  the  fcslO .  Tried  to  download  more  recipes  but  the 
fbslO  alarmed  for  power  failure,  end  all  the  recipes  previously  downloaded  corrupted.  Tried  again,  end  everything  repeated.  Now  there  ere  only  the  above  3  recipes  in  the  fcslO. 
Suspected  feat  the  ram  of  fbslO  is  not  working  right.  Some  ram  maybe  malflmetion  which  limited  the  number  of  recipas.  TystarQO  is  running  standby  recipe  now.  The  temperature 
recovers  to  350C.  Equipment  staff  should  contact  Tystar  for  further  diagonsis. 

The  backup  batteryvollages  were  tested  antl7-20.  T20  showed  3. 74  volts,  a  bit  lower  than  the  rest  which  were  slightly  over  4  volts  A  call  is  in  to  Tystar  asking  if  this  might 
account  for  recipe  corruption.  New  batteries  will  be  sought  m  any  case 

Jimmy  has  succesrfidly  re  loaded  four  recipies  and  t20  is  opemtional.  The  symptoms  observed  are  believed  to  be  faulty  RAM  and  the  folks  at 
Tystar  hove  agreed  to  send  a  set  of  replacement  chips  which  will  be  installed  upon  arrival  For  now  t20  is  up  and  running. 

350  623  112  89.9  2.18  115  425  130  12  70  6  00  (Nucleation  425  C,  300  mT,  100  Si2H6, 10  min. 

350  621  112  89.9  0.57  1  80  410  130  0  70  6  00  tNudeation410  C,  300  mT,  100  Si2H6, 10  min. 

When  I  opened  the  furnace  to  load  my  wafers,  I  realized  that  the  tube  was  broken.  There  were  kits  of  the  broken  pieces  everywhere  inside  the  furnace.  I  left  the  tube  onBTOUB 
recipe. 

Found  that  the  quartz  liner  was  broken.  The  tube  is  still  holding  vacuum.  The  leak  rate  is  3mtarr/mim  Wait  for  tha  equip  staff  to  change  it.  Tjutar20  is  down. 

Changed  the  Hirer,  along  with  new  TC  sheath,  injector  and  cantilever  cover. 

Did  thermal  cahbration.  The  tube  foiled  leak  check  when  running  standby  recipe. 

Changed  quartz  trim,  re  used  other  quart zwa re  flora  last  time .  Leak  rate  2  mT/min .  (23 1  hr  of  depo) 

Thermal  calibration  30 0-450  C. 


vriow 

4/7/2005 

|jan  Goldman  is  not  re  cording  date.  "TCU  communication  error" 

on  screen. 

j  llhlli^>l>lP 

48/2005 

Reset  file  TCU.  DCS30  is  recording  date  again. 

fins  (?) 

4/7/2003 

350 

62 

112 

112  (?) 

6.2  (?) 

60 

410 

150  9  (?) 

18 

50 

600 

Nucleation  410  C,  300  mT,  100  Si2H6, 2  min. 

htelahn 

48/2003 

350 

608 

112 

89.9 

NA 

30 

425 

130 

12 

70 

600 

Nuclea1ion425  C,  300  mT,  100  Si2H6, 10  min. 

Nucleation  425/41 0  C,  300  mT,  100  Si2H6, 10  min.  4 

hl.lH.lh. 

49/2003 

350 

6.12 

112 

89.9 

2.02/NA 

1 15/386 

425/410 

130/130 

12and6 

70/70 

600/600 

um  bi-layer. 

Nucleation  425  C,  300  mT,  100  Si2H6, 10  min.  DOE 

nb  w 

4/10/2005 

3536 

6.14 

112 

89.9 

2.06 

60 

425 

140 

12 

60 

600 

recipe  8,  redo  test  run  for  MFC  cdfo  ration. 

Nucleation  440  C,  300  mT,  1 00  Si2H6, 10  min.  DOE 

(Hair 

4/10/2005 

4515 

665 

115 

89.9 

2.57 

60 

440 

103 

18 

70 

600 

reciepe  1 5  with  adjusted  SiH4  flow  for  MFC  cal. 

j  immy^/nw- 

4/11/2005 

10 

400 

0 

□ 

ISO 

300 

Nucleation  400  C,  300  mT,  Si2Hfi  100, 10  min. 

Nucleation  440  C,  300  mT,  100  Si2H6, 10  min.  DOE 

(Hof 

4/12/2003 

351.4 

6.1 

112 

89.9 

1.42 

60 

440 

119 

6 

50 

600 

rectepe  11  with  adjusted  SiH4  flow  for  MFC  cal. 

j  immune 

4/13/2005 

350 

6 

400 

0 

0 

180 

300 

Nucleation400  C,  300  mT,  Si2H6  100, 10  min. 

Meyonm 

4/19/2005 

350 

602 

112 

89.9 

10 

440 

150 

12 

50 

600 

Nucleation 440  C,  300  mT,  Si2H6  100,  lOmin. 

Nucleation 400  C,  300  mT,  Si2H6  100, 60  min.  2  etr 

j  immijigmr 

4/22/2005 

350 

16 

400 

0 

0 

ISO 

300 

rnns,  lkA  nndoped  Ge 

Nucleation  425  C,  300  mT,  Si2H6  100, 1  min.  Recipe 

Mejmun 

4/23/2005 

350 

6.16 

112 

89  9 

5 

425 

140 

12 

60 

600 

aborted  since  gas  ring  was  set  to  on  (cannot  flow 

Meyoum 

4/25/2003 

2.13 

140 

425 

140 

12 

60 

600 

Nucleation 425  C,  300  mT,Si2H6  100, 10  rrtin. 

Equsvy 

5/2/2003 

62 

125 

425 

115 

20 

55 

600 

Nucleation 425  C,  300  mT,Si2H6  100, 10  rrtin. 

Eqnevy 

5/3/2005 

350 

6.43 

125 

425 

115 

20 

55 

600 

Nucleation425  C,300mT,Si2H6  100, 10  rrtin. 

Eqnevy 

5/14/2005 

72 

350 

0 

12 

100 

300 

No  nucleation. 

Equev  y 

5/15/2005 

350 

625 

80 

350 

0 

12 

100 

300 

No  nucleation. 

hhk.hr 'J 

5/16/2005 

350 

625 

112 

89.9 

20+10 

350 

0 

12 

180 

300 

No  nucleation. 

eqoevy 

5/17/2005 

350 

285 

425 

0 

20 

50 

600 

Nucleation  425  C,  300  mT,  5i2H6  100, 10  rrtin. 

eqoevy 

5/17/2005 

350 

30 

350 

0 

12 

100 

300 

No  nucleation. 

TjcbibaiLkS  shutdown  because  of  abziaf  power  outage,  -12  noon.  The  bank  has  been  restarted,  the  pumps  turned  on  and  the  standby  recipes  loaded.  The  tystax20  MFS-1  (460 

bob 

5/18/2005 

controller)  is  giving  an  ezroi:  FLOWCNTRL  ID.  I  have  not  seen 

this  error  be  fore.  We  cannot  reset  it  1  have  a  call  into  Tystarfor  guidance  on  a  fix.  T5star20  is  down  until  this 

problem  is 

cleared. 

jimmygmc 

5/18/2005 

Talked  to  Tysfar  engineer  and  obtained  flour  ID.  Checked  the  ID  with  MFS460  dip  switches. 

Found  one  switch  was  set  wrong.  Reset  the  dip  switch  and  the  problem  went  away. 

eqnevy 

5/20/2005 

350 

62 

118 

24 

350 

0 

12 

100 

300 

No  nucleation. 

eqoevy 

5/20/2005 

350 

12 

350 

0 

12 

100 

300 

No  nucleation. 

Bqoffvy 

5/21/2005 

350 

62 

118 

89.9 

470 

425 

120 

20 

50 

600 

Nucleation 425  C,  300  mT,  Si2H6  100, 10  rrtin. 

bob 

5/23/2005 

GeH4botfLe  changed. 

bhfalm2 

5/24/2005 

350 

626 

112 

89.5 

2.82/NA 

485/35 

425/425 

110/110 

20/20 

70/60 

400/600 

No  nucleation.  Bilayer  process. 

Meytram 

5/28/2005 

350 

628 

112 

89.9 

2.02 

100 

425 

130 

10 

70 

600 

Nucleation425  C,  300  mT,  Si2H6  100, 10  rrtin 

eqnevy 

6/7/2005 

350 

6.1 

118 

60 

425 

115 

20 

55 

600 

Nucleation425  C,  300  mT,  Si2H6  100, 10  rrtin 

eqnevy 

6/8/2005 

350 

62 

119 

2 

16 

350 

0 

12 

100 

300 

No  nucleation. 

eqnevy 

6/8/2005 

350 

16 

350 

0 

12 

100 

300 

No  nucleation. 

eqnevy 

6  S/2005 

350 

410 

425 

120 

20 

50 

600 

Nucleation  425  C,  300  mT,Si2H6  100, 10  rrtin. 

Ms  pram 

6/11/2005 

350 

627 

112 

89.5 

2.74 

660 

410 

120 

18 

50 

600 

Nucleation410  C,300mT,Si2H6  100,2  min. 

Meyoum  6/11/2005 

Meyoum  6/13/2005 


Meyoum 

eqosvy 

equsvy 

Me  youm 
Meyoum 
bob 


6/18/2005 

6/21/2005 

6/22/2005 

761/2005 

70/2005 

7/11/2005 


jiumygmc  7/11/2005 


7/12/2005 


8/17/2005 


Meyoum  10/18/2005 
hfeyonm  10/18(2005 

bob  10/18(2005 


Meyoum 
Me  soma 


10/25(2005 

11/28(2005 


11/28(2005 


Tie  SiOe  fiha  oa  my  wafers  fumed  oat  to  be  very  haiy and  non-uniform.  I  am  not  sure  why  is  this,  [  am  trying  to  identify  if  this  is  due  to  a  furnace  problem  ora  process  issue.  The 
sleet  nan  stance  of  tie  film  was  pretty  low. 

I  had 5  patterned  wafers  and  2  Si02  test  wafers  distributed  thopghout  boat  6'  boats.  Patterned  wafers  were  more  haixjlhan  non  patterned  wafers.  This  indicates  that  maybe  it's  due 
Id  a  pie- furnace  cleaning  piece  sb.  I  used  S  V  C14  and  Di-water  sine e  I  had  SiGe  films  underneath.  I  am  still  trying  to  find  the  bast  wet  cleaning  proc  ess  prior  to  the  furnace . 

350  627  112  89 .5  140  425  140  12  60  600  |Nucleation300  C,  300  mT,  Si2H6 100, 10  min. 

350  62  118  89.2  20  350  0  12  100  300  No  nuclealion 

350  1  20  425  120  20  50  600  Nuclaation425  C.  300  mT.  Si2H6 100, 10  min. 

350  631  112  2.78  25  410  120  18  30  600  l*|^«,“n410  C> 300 mT> Sl2H(5 100> 5  PracMS 

I  found  file  furnace  aborted  after  2  5min  of  deposition.  When  checking  the  history  to  find  out  the  problem,  the  ABORT  step  says  Pressure  High.  My  wafers  are  still  in  the  furnace. 

Tystaf20  has  been  reset  and  Marie  will  remove  her  wafers  JimmyChang  needs  to  review  the  history  file  forthis  tube  to  leam  why  the  recipe  aborted.  Marie  requests  a  monitor  run 
once  tystarSO  is  back  up  and  running. 

found  that  the  process  ended  after  the  nucleatiion  step.  Si2H6  flowed  5  minutes  and  pressures  stayed  at  300  niton.  after  that  the  dcs30  pc  show  not  process  gas  flow  the  reason  could 
be  bat  the  furnace  was  disabled  re-run  the  process  wifh  the  process  parameter,  process  went  thru  nuclealion  and  5  minutes  into  deposition  without  problem,  pressure  control  was 
within  1  minute  to  the  sat  point  could  not  repeat  the  problem,  in  the  fiiture,  please  do  not  remove  wafers  or  run  any  other  recipe,  it  will  delate  all  the  alarm  infbrin  the  ffcslO.  lyetar 
20  is  up  for  use. 

The  keyboard  for  tysfar23  has  been  replaced.  Tystar20  is  ready  to  use. 

Performing  GeH4  maintenance.  The  LOW  GeH4  was  tested  at  several  flows.  It  seems  to  be  working  correctly. 

350  6  35  115  89.5  2.2  5  3  60  425  105  12  70  6  00  |Nniclea1ion425  C,  300  mT,  Si2H6 100, 5  min. 

.  „  ,  . -  „  Continuous  runs.  Nuclealion 410  C,  300  mT,  Si2H6 

120  410  125  12  X  600  100,3  mm. 

2.23  1  00  410  115  12  60  6  00  ^mucus  runs.  Nuclaation 410  C,  300  mT,  Sr2H6 

1 00, 3  mm. 

2.23  80  410  105  12  70  6  00  ^tmuo us  runs.  Nuclealion 410  C,  300  mT,  Si2H6 

i  uu,  j  mm. 

tystar20  is  aborting  SI/Ge  recipes  The  process  pressure  and  gas  control  has  been  checked  and  does  not  seem  to  be  the  issue.  t20  is  enabled  in  my  name  pending  revue  by  Jimmy 
Chang. 

2.2  1  70  410  125  12  50  600  bio  nucleatiion. 

2.2  130  410  105  12  TO  600  PNo  nuclealion. 

Tystat20  is  operating  correctly  and  Marie  has  completed  her  run.  we  do  not  knowwhytwo  previous  run  attempts  abortedbut  it  is  likely  the  shutoff  of  the  toxic  gases  for  the 
addition  of  an  mfin  may  have  bee  n  the  c  aiuse .  TystarOO  is  up. 

350  6  36  115  89.5  2.2  2  40  410  135  12  40  6  00  [No  nuclealion 

410  130  12  45  6  00  Recipe  aborted 

fibrie's  recipe  was  aborted 5  minutes  into  deposition. 

Her  recipe:  SiH4-130,  GeH4-45,  BCE-12, 410  deg  C,  600  mTon 

Record  computer  shows  S  iH4  and  BCE  flow  we  re  fine.  GeH4  flow  was  45  seem,  but  setput  was  0.  PRCPRwas  138  mTorr,  but  setpoint  was  0.  N2VAC  was  0,  didn't  respond  for 
control. 


Meyoum 

annnnns 

350 

635 

115 

89.5  2.25 

360 

425 

105 

12 

70 

600 

Meyoum 

8/20/2005 

120 

410 

125 

12 

50 

600 

Meyoum 

8/20/2005 

2.23 

100 

410 

115 

12 

60 

600 

Meyoum 

8/20/2005 

2.23 

80 

410 

105 

12 

70 

600 

Test  gas  flow  manually;  SiH4,  BC 13,  PRCPR  and  N2V  AC  all  re  spond  to  input  value .  But  GeH4Qo  w)  and  GeH4(high)  c  annot  flow.  Timmy  fbund  there  was  not  compre  ss  air  signal 
sent  to  die  GaH4  fwvalve . 


jimmygmc  10/31/2005 


found  that  a  valve  in  the  gas  cabinate  was  tame  doff,  turned  on  the  valve  and  the  gas  flow  without  problem,  equip  staff  please  turn  on  the  valve  after  finishing  jobs.  tystar20  is  up  for 


meyoum  11/1/2003 

330 

626 

115 

89.5 

2.22 

210 

410 

130 

12 

43 

600 

No  nucleetion 

Meyoum  11/3/2003 

330 

63 

115 

89.5 

2.2 

360 

425 

105 

12 

70 

600 

Nucleation  425  C,  300  uT,  Si2H6  100, 5  min. 

Meyoum  11/3/2003 

2.22 

210 

410 

130 

12 

43 

600 

No  nudeation. 

tystar  11/8/2005 


wlow 

wlow 

bob 

wlow 

wlow 

wdow 


111812003 

11012003 

11012003 

11012003 

11012003 

11012003 


HemyHeilindBrof  Tystar  Co.  is  here  to  change  the  daflmlinn  table  and  update  the  furnace. 

MFMloopis  hooked  up. 

When GasRing  —  an,  all  gases  (dopant  and  precursor)  can  run  through  the  MFMloop  for  MFC  calibration. 

BCD  MFC  has  been  update  d  from  20  to  50  seem  full  range . 

Remove  GeH4(lo),  PH3  and  B2H6  channels.  EXPINJ  and  EXPGR  ere  available  far  new  dopant  and  precursor. 

Modify  PIN  setting  fbr  temperature  control. 

GeH4tankis  empty.  N2  is  running  overnight  through  the  BCD  line  after  the  MFC  change.  Temperature  calibration  is  in  progress. 
Temperature  cell)  ration  did  not  finish.  Edit  standby  and  deposition  recipe .  Add  a5- min  leek  monitor  step  to  recipes. 

GeH4botfle  changed.  BCD  isback  on. 


4 36  6X3  115  87 

356  6.41  115  87 

lien  MFC  mnnikir  manually. 


w fay  11012003 


wiow  11012003 
to  jimmygmc  1111012003 
to  jimmygmc  1111412003 
jimmygmc  1111612003 


wtow  1112212003 
wtow  1112212003 

jimmygmc  1112312003 


Le  ak  monitor  -  doo r  ope  n  right  be  fare . 
Le  ak  monitor  -  doo i  ope  n  right  be  fare . 


NA 


10 


430 


140 


30 


60 


600 


Leakmonitor-doorkeptclose  for  a  few  hours.  Check 
[recipe.  Nucleation 430 C, 300  mT,  Si2H6  100, 3 min. 
Dab  record  in  DCS30  do  not  match  the  definition  table.  N2Dope  is  oflfby  lOx,  PH3,  GeH4(low),  GeH4(high)  are  still  there.  N2MFM,  BCL3,  GeH4,  etc  do  not  show  properly. 
Start  temperature  calibration  for  the  range  of300  -  450  C. 

Temperature  cannot  stab  lime  at  300  C  over  the  weekend.  Restart  calibration  for  the  range  of 330  -  400  C. 

End  rapes  temperature  are  offby  a  few  degree.  Center  zones  temperature  are  good  to  0.3  deg  C. 


Nucleation  423  C,  300  mT,  Si2H6  1 00, 2  min. 
Nuclaation  423  C,  300  mT,  Si2H6  100, 10  min. 
No  nucleation. 


[Nucleation 430  C,  300  mT,  Si2H6  100, 10  min 
Set  up  recipes:  SIGENONU  (deposition  w/o  nudeahan),  MULLA  (12-hyer  deposition),  IVOWAR.(MFC  monitor  for  regular  users) 

While  running  standby  recipe,  "no  auto"  alarm  in  the  back.  Silence  alarm  and  resat  computer.  Process  seemed  to  proceed,  but  aborted  after  come  time.  Cannot  display  history  on  the 
screen. 

no  auto  alarm  comes  on  when  the  FCS10  has  power  failure,  if  it  is  reset  for  long  time,  over  a  few  seconds*  the  alarm  will  show  up.  since  all  the  alarm  messages  were  erased,  could 
not  know  foe  cause,  restart  foe  coating  (standby)  recipe  and  it  finished  without  problem,  this  problem  is  cleared  for  now. 

600 


wlow 

11/160005 

Change  configuration  in  DCS30 .  Now  gas  channels  show  up  properly. 

wkrw 

11/16/2005 

Run  MFC  monitor  manually. 

Meyoum  11/17/2003 
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Meyoum  11/18/2003 

330  627  115 

87 

2.1 
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70 

600 

Meyoum  11/18/2003 

2.1 

130 

410 

130 

12 

45 

600 

(riow 

1101/2005 

Run  MFC  monitor  manually. 

wfcw 

11/210005 

Some  old  dummy  wafers  have 

ve  ry  fhic  k  de  position  and  stick 

onthe  quarts  boats.  Take  all  boats  out  and  clean  in  Si  etcher 

wlow 

11/210005 

3438  625  115 

87 

1 

60 

430 

140 

30 

60 

600 

wlow 

11/28/2005 

3499 

622 

115 

87 

230 

430 

140 

30 

60 

wlow 

11/29/2005 

349.5 

633 

115 

87 

30*11 

430 

140-190 

30 

60 

600 


Nucleation430  C,  300  mT,  Si2H6  100, 10  min 
Nucleation 430  C,  300  mT,  Si2H6  100, 10  min.  SiH4 
ramping  experiment  (+3  seem  per  layer),  11  layer 
deposition. 


wkw 

114300005 

NA  NA  NA 

NA 

30*11 

430-380 

140 

30 

60 

600 

wtow 

Msyoum 

114300005 

124142005 

Run  MFC  monitor  manually. 
350  69  115 

87 

80 

425 

105 

12 

70 

600 

Meyoum 

124142005 

NA  NA  NA 

NA 

60 

410 

130 

12 

45 

600 

wtow 

wtow 

wtow 


120/2005 

12/8/2005 

12fl(U2005 


jiinraygmc  12020005 


wtow 

peetal 

wtow 


12050005 

12060005 

12060005 


wtow  12070005 


-1^ 


wtow 

wtow 

wtow 

wlnw 


12070005 

120S0005 

12080005 

12080005 


jongpic  12090005 
wtow  12090005 


Nucleatbn  430  C,  30D  mT,  Si2H6  100,  10  mm. 
Temperature  ramping  experiment,  (-5  deg  C  per  layer). 
11  layer  deposition. 

|Nucleatbn425  C,  300  mT,  Si2H6  100, 5  min. 

[No  nude  alien 

bfadifyBTOUTB  recipe  and  set  gas  ring  to  off  so  that  the  MFM  line  is  inactive  for  the  5000  seem  N2BKFL. 

Ron  MFC  monikxr  manually. 

Center  lone  tempeiatme  off  calibratton.  Set  tempeiatuie  is  450  C  and  actual  temperature  is  ~  160  C. 

Found  fiat  the  TCU  was  locked  up.  Reset  TCU  all  temperature  read  normal  except  the  center  zone.  The  center  zone  temp  readout  was  flutuated.  There  was  a  "B 11  symbol  next  to  the 
temp  readout  out  Itindxated  that  the  T/C  was  networking.  Swapped  the  center  zone  tfc  with  other  zone  tfc.  Found  that  the  t/c  was  working.  It  is  suspected  that  the  t/c  block  has  a 
bed  contact  or  we  how  aelectronic  problem.  Tystar20  is  down  until  equip  staff  fixed  the  tic  problem. 

Created  recipe  MDNCON  for  MFC  monitor.  There  am  three  set  values  fbreach  gas. 

Bad  connections  at  both  the  TCU  board  and  TC  bbek.  Connection  re-eetabhxh  and  temeratum  now  reading  correctly  flom  TC. 

Start  temperature  calibration  for  the  range  of 300  -  450  C. 

Started  TCU  caltuntLcm  yesterday  for  350-450  deg  C.  Found  temp  setpoint  art  350  deg  C  a  rd  actual  temp  at  450  deg  C  (within  05  deg  C).  Temperature  calibration  should  be  done, 
but  people  said  it  started  alarming  since  Lest  night. 

I  disconnected  the  TCU  section  on  the  pull-down  memicommunictation  ->  disconnect,  then  file  ->  exit  DCS3D  gives  error  "TCU  communication  failure".  The  fiimece  is 
operational,  but  DCS30  cannot  capture  data. 

j  60  410  150  30  50  1  200  [Nucleatbn410  C,  300  mT,  Si2H6 100, 10  min. 

The  temperature  rtMzatbnfor  the  standby  recipe  (450  degC)  takes  forever.  The  temperature  has  lobe  good  to  within  1  deg  C.  The  tolerance  in  the  recipe  is  5  deg  C  for  the  center 
zones  and  10  deg  C  for  end  zones.  This  starts  to  happen  after  the  TCU  communication  failure  error.  I  ran  a  deposition  recipe  5i0eBC13  with  set  temperature  410  deg  C.  It  can 
stabtuE  within  an  hour  and  the  tolerance  is  correct. 

Run  MFC  monitor  with  recipe  MONCON. 

3505  631  116  87  |  60  410  150  30  50  900  [Nucleation410  C,  300  mT,  Si2H6 100, 10  min. 

Reset  TCU.  DCS  30  now  talking  with  tystar20  and  collecting  data,  the  standby  recipe  was  corrupted,  the  tolerance  was  set  to  default.  Reload  the  recipe. 

Sbmtoyrecipe  aborted  3  timse.  It  always  happened  at  the  beginning  of  the  Si2H6  coating  step!  tasted  the  Si2H6  flow  manually  and  couldn't  see  any  problem. 


wtow 

1242042005 

360 

631 

116 

87 

60 

410 

150 

30 

50 

700 

Nucleatbn  410  C,  300  mT,  Si2H6  1 00, 10  min. 

wtow 

1242042005 

60 

410 

140 

30 

60 

600 

Nucleatbn410  C,  300  mT,  Si2H6  100, 10  min. 

jmmiygmc 

1242142005 

Found  that  the  reason  for  aborl 

:  was  N2DOPE  instead  of  Si2H6.  Ran  the  standbyrecipe  twice  with  recipe  and  once 

manually. 

not  problem  with  the  process. 

wtow 

1242142005 

348 

6.43 

119 

87 

60 

410 

140 

45 

60 

350 

Nucleatbn  410  C,  300  mT,  Si2H6  100, 10  min. 

wtow 

1242242005 

4497 

697 

119 

87 

230 

410 

140 

30 

60 

600 

Nucleatbn410  C,  300  mT,  Si2H6  100, 10  min 

Meyoum 

1242242005 

350 

646 

119 

87 

120 

425 

102 

12 

70 

600 

Nucleatbn 425  C,  300  mT,  Si2H6  100. 5  min. 

Meyoum 

1242242005 

100 

410 

130 

12 

45 

600 

No  nucleation.  Second  layer  of  bi- layer. 

wtow 

1242242005 

458.6 

701 

119 

87 

230 

410 

140 

45 

60 

600 

Nucleatbn410  C,  300  mT,  Si2H6  100, 10  ndn. 

wtow 

1242342005 

1 

1 

1 

recipe 

MDNCON. 

nmmns 

Tysfar20  lost  all  foe  configure  tb  n  when  a  lab  member  entering  the  recipe . 

Reset  the  FCS10  using  cs  command.  Down  bad  configuration  file  from  DCS30.  MFS460  M2  alarmed  for 

J  IILLILLTp^llUr 

lAUJlfiuUJ 

BAD  RANI  Reset  it  and  Ihe  alarm  cleared.  Down  load  all  the 

process  recipes  needed. 

wtow 

120342005 

3499 

6.45 

116 

87 

313 

410 

140 

45 

60 

350 

Nucleatbn410  C,  300  mT,  Si2H6  100, 10  min 

wtow 

1242642005 

3502 

6.« 

121 

89 

250 

410 

140 

15 

60 

600 

Nucleatbn 410  C,  300  mT,  Si2H6  100, 10  ndn. 

wtow 

1242742005 

349 

6.4 

119 

89 

340 

410 

140 

30 

60 

350 

Nucleatbn  410  C,  300  mT,  Si2H6  100, 10  ndn. 

wtow 

1242842005 

351.7 

655 

119 

89 

360 

410 

140 

15 

60 

350 

Nucleatbn410  C,  300  mT,  Si2H6  100, 10  ndn. 

wtow 

1242842005 

1 

1 

J 

recipe 

MONCON. 

244 


wlow 

1/10/3006 

wlow 

1/10/2006 

pestal 

1/11/3006 

pastel 

1/12/3006 

wlow 

1/13/3006 

wlow 

1/12/3006 

jimmygmc 

1/13/3006 

Run  MFC  mrmi  tor  with  recipe  MONCON. 

I  need  the  M3WCON  recipe  to  run  weekly  MFC  monitor.  The  "gas  ring"  switahhos  abadcaimeclkm.  Tie  dopant  gas  went  through  the  injector  path  rafter  than  fee  MFMpath.  Uda 
wee  noticed  with  the  reading  on  the  injectorpsessure  gauge  and  the  MFM  reading.  The  ectualvaloe  of  fie  gas  ring  fellows  fee  setpoint  on  the  screen.  I  had  to  mitehthe  "gas  ring' 
on  and  off  a  few  time  9  in  the  RMpage  to  get  it  to  actually  turn  on. 

What  was  thought  tabs  a  simple  bad  connection  Inins  out  b  likely  be  a  malfunction  in  the  electronics  in  die  MFS-460.  Currently  in  communication  wife  Tyetarfor  help  wife 
tumble  shooting  ruffe  460  I/O  board  component.  TystarTO  is  down  far  now. 

swapedortMFS460  I/O  board  with  a  replacement  MF5  now  cone cllycanlrols  the  gasring  solenoid  Malfunction  most  likely  due  b  bad  open  collector  tranastorQl  (2N6038)  on 
the  MFS -460  I/O  board.  Looking  into  replacing.  Tystai20  is  up  for  use. 

330  64  117  89  |  30  410  47  35  30  300  |No  mtobatun.  Pmssme  mrt  stabk 

Pressure  jumps  between  150  -  530  mTorr  far  the  following  recipe:  410  deg  C,  47  seem  SiH4,  30  sccmGeH4,  35  seem  BCD,  300  mTon,  20  mm.  The  data  is  record  in  DCS30  an 
1/13/06,  recipe  SCeNoNu. 

As  a  reference,  350  mTorr  wes  line  in  the  pest  for  140  sccmSiH4  60  sccmGeH4, 15-45  seem  BCD. 

tyctar  ftnnace  pa  seme  control  parameters  am  optimimdfor  hjghgas  flow  (-200scem  total)  and  high  pnasBun  (300  miair  and  above),  in  order  to  ran  lowgasf]Dw(^100sccm  total) 
or  low  pressure,  fee  control  parameter  needs  to  be  changed  again,  will  talkto  fee  super  user  abort  the  gas  flows  and  show  equip  engineer  how  to  adjust  the  parameters. 
tystar20  is  still  up  for  most  of  processes. 


jimmygmc  1/13/3006 


adjusted  fee  pie  am  re  control  parameters  according  the  trie  i 
tystar20  is  np 


w tow  2/7/3006 


wlow 

wlow 

wlow 

wlow 
bob 
win  w 


3/7/3006 

2/7/3006 

20/2006 

20/3006 
3/10/3006 
3/30/300 6 


.  new  values  are :  reset  2  JO,  delay  05,  offeet  Oil  Super  Timers  testbofe  high  andlowpemun  deposition  and  ok  wife  it. 


wlow 

1/13/3006 

448 

69 

120 

89 

20 

410 

47 

35 

30 

300 

Ho  ancle etifm 

wlow 

1/13/3006 

15 

430 

47 

35 

20 

300 

[No  naclaarian. 

wlow 

1/30/3006 

Ran  MFC  monitor  with  recipe  MONCON. 

wlow 

1/30/3006 

Start  TCU  reilii infirm  for300-450  deg  C. 

1 

wlow 

1/25/2006 

3486 

636 

120 

89 

15 

350 

0 

12 

100 

300 

No  mvleetifm  Process  aborted  at  the  beginning  of  fee 
deposition,  because  BCD  flow  was  higher  than 
setpoint.  Restarted  fee  rrocess manually  end  went  OK. 

wlow 

1/36/3006 

349 

631 

120 

89 

8 

300 

0 

6 

50 

300 

No  nucleaticm.  56  seem  of  N2  flow  during  deposition. 

wlow 

1/36/300 6 
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120 

89 

15 

350 

0 

0 

100 

300 

No  nucleatian.  12  seem  of  N2  flow  during  deposition. 

wlow 

1/26/3006 

4497 

683 

120 

89 

8 

300 

0 

0 

50 

300 

No  nucleatian.  63  seem  of  N2  flow  during  deposition. 

iriow 

1/30/2006 

Ron  MFC  monitor  with  recipe  MONCON. 

Created  recipe  SiGeSeed.  SiH4,  GeH4,  BCD.  Si2H6.  temper  atnre  end  pmBure  an  all  variables  in  nucleationstep.  Main  depoeitian  fellows  rmcleetion  immediately.  Ges  flowrates 
andpressum  in  the  main  deposition  are  variable^  brt  temperatnre  has  to  be  the  same  ae  nucleate  n. 

tNacleatton  410  300  mT,  SiH4 47,  GeH4  20,  BCD 


3495 
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120 


89 


410 


140 


33 


60 


Activate  BNTLK  interlock  for  steps  with  toxic  gas  flow  fin  all  recipes.  Increase  safety  factor  for  potential  leak. 


350.1 


63 


117 


89 


260 


410 


140 


35 


60 


600 


600 


Ran  MFC  monitor  with  recipe  MONCON. 
GeH4botfls  change.  New  pressure  137  pei. 
Ron  MFC  monitor  with  recipe  MONCON. 


|35, 5  min.  TestSiGeSeedrecipa. 

|Nucleation410  C,  300  mT,  SiH447,  GeH4  30,  BCD 
|35.20  min. 
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2/28/2005 

3/1/2006 

3/1/2006 

3/10/2006 

3/15/2006 

3/17/2006 

3/17/2006 


Power  outage  far  about  an  hours.  Inspec  furnace  and  found  no  particle  problem 
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win  w 
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jimmygmc 


3/25/2006 

3/29/2006 

3/29/2006 

3/30/2D06 

3/30/2006 

3/30/2006 


-fc. 

L/i 


wtow  3/30/2006 
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Nucleation  410  C,  300  mT,  Si2H6  100, 10  min.  An 
s arth  quake  happe ne d  during  depo  -  3.4M  in  Orindn 
Everything  is  fine. 


300  bio  nude  ation 


Run  MFC  monitor  with  recipe  MONCON. 

Run  MFC  monitor  with  recipe  MONCON. 

350.4  629  117  89  130  410  47  35  20 

351j6  632  151  89  | 

StanfcypiiSBnm  a  lot  higher  than  normal.  Bam  pressure  test  with  no  gas  flow  and  pump  running  at  full  power,  61  mT.  Rate  of  rise  -  no  change  in  5  minutes.  (As  a  reference, 
Tystarl  9  has  a  base  pressure  ofO  mTorr  and  rate  of  rise  of  6  luTonin  2  minutes.)  Open  the  tube  and  found  quartxware  close  to  the  door  turned  blue  Jblack.  The  color  should  be  gray 
withSiOe  coating .  One  of  the  cantilever  has  a  crack  at  the  pump  end.  Ran  standby  recipe  end  leek  check  failed.  Total  1 85  hours  of  deposition. 

due  to  multiple  hire  quartzware  failing  recently  we  were  out  of  stock  on  T/C  sheathes.  These  have  been  inch  ordered  from  LP  Glass  and  ere  expected  to  arrive  tomorrow.  All  the 
other  quaztzware  ontyEtar20  hasbeenrepUcedso  that  upon  arrival  the  sheath  can  be  installed,  tube  can  be  leak  checked  and  temperature 
caLbration  can  commence.  Tystar20  will  most  likely  be  available  Wednesday. 

Thermocouple  has  been  installed,  tube  has  passed  leak  check,  heaters  are  on.  Tube  ready  for  coating  and  calibrationby  process  staff, 
started  stonily  recipe  (coating),  temp  is  still  low  (-50C).  Will  check  tomorrow  morning  to  see  the  status. 

Run  MFC  mom  tar  with  recipe  MONCON. 

Prss  and  gas  flow  test  to  c  onfirm  se  tup .  Injector's  orie  ntation  is  wrong .  Start  tempe  return  call)  ration. 

Injector  orientation  has  been  corrected. 

finished  coating,  temp /heater  calibration  done  300-450C .  tyctar20  is  running  standby  recipe  and  is  up  for  use . 

Cannot  open  the  door  with  boa  tout  recipe. 

N2BKFL,  PRCPR,  BNTLK,  GNTLK  end  BOATS  FD  ere  all  correct  on  the  display.  Also  verify  the  N2  flow  with  the  MFMtoop.  It  seems  like  the  tribe  is  not  vented  -  loosening  the 
cable  and  pull  on  the  door  does  not  work.  Also  tryreseting  the  boatbadex.  Out  of  idea.. 


pJTideatijon425  C,  30D  mT,  Si2H6  10D,  0.5  min 
INo  nucleation 
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350  2  00  425  100  30  70  6  00 

350  |  72  350  0  12  100  3  00 

{vented  tobe  andfound  boatloads;  stuck.  Cable  had  slipped  off  pulley  near  tube  door  and  was  caught  inhibiting  bo  afioader  from  being  manually  or  automatically  pulled  out. 
Everything  has  been  resituate  d  andboatloader  is  working  fine  .Tystar20  has  been  left  pumping  do  wn  and  is  ready  for  use . 

Nucleation  410  C,  300  mT,  Si2H6  100, 10  min.  4  layer 
stacks,  open  door  between  depositions. 

Nucleation 350  C,  Si2H6  100, 300  mT,  20  min.  Pure 
Ge  deposition  to  cover  CMOS. 

Cannot  open  door  automatically  with  botouib  recipe  I  have  to  pull  on  the  door  and  press  'boat  out"  on  the  keybroadto  get  the  door  out. 

Bo  afioader  in-limit  flag  fo  und  too  far  "in, '  no  bnger  closing  the  auto-in  switch  .Whentheboatioader  was  co  remanded  to  open,  the  flag,  o  n  the  way  out  would  the  n  close  the  auto-in 
switch  causing  the  boafloaderto  think  it  needed  to  pull  itself  closed.  Adjusted  in-limit  flag  to  keep  the  aulo-in  switch  closed  when  boalioder  was  all  the  way  in.  Boattoadernow 
flmetions as  it  should.  Tystar20  is  available  for  use. 

Nucleation 425  C,  Si2H6  100, 300  mT,  10  min. 
Nucleation 410  C,  Si2H6  100, 300  mT,  10  rrdn.Bihyer 
deposition,  no  interruption  in  between. 

Nucleation 410  C,  Si2H6  100, 300  mT,  5  min. 

No  nucleation.  Helf  Erik  Garnett  on  Ft  catalyst 
nanowire  grow  test.  Used  4"  cagedboal. 

[Nucleation  450  C,  Si2H6  100, 300  mT,  10  min. 

Run  MFC  monitor  with  recipe  MONCON. 
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Nucleation 425  C,  Si2H6  100, 300  mT,  10  min. 
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Nucleation 425  C,  Si2H6  100, 300  mT,  10  min. 
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No  nucleation.  Try  to  grow  nano  wire  w/Pt  catalyst 

egemett 

4/13/2006 

One  of  the  6' openboale  is  broken. 

pestal 

4/1/4/06 

Broken  waftrboal  replaced. 
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Nucleation  440  C,  Si2H6  100, 300  mT,  10  min. 

MafcalieO 

4/15/2006 

352  63  117  89 

180 

410 

130 

12 

70 

600 

Nucleation 410  C,  Si2H6  100, 300  mT,  10  min. 

wlow 

4/20/2006 

Run  MFC  monitor  with  recipe  MONCON. 

No  nucleation.  Try  to  grow  nano  wire  w/Pt  catalyst 
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Also  try  to  deposit  poly-Si  on  Ag  catalyst  nanowire. 
(Ag  removed) 

eg  erne  11 
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No  nucleation. 

wlow 

4/27/2006 

TystariM  started  doing  temperature  stabilization  for  the  standby  coating  since  last  night  The  center  zone  has  a  "B " 
where  the  setpoint  is  450  C. 

next  to  the  actual  temperature.  Allothermnes  ate  at  -400  C, 

the  "B"  next  to  the  temp  reading  means  that  the  thermal  couple  in  the  tube 

is  not  working .  the  spoke  t/c  is  use  d  as  a  backup  instead 

jnnmygmc  4/28/2006 
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jimmygmc  5/23/2006 


since  ft*  spke  tfc  fluctuates  mote,  it  lakes  longer  to  sfeMim  the  temp 
tried  resetting  TCU,  and  FCS 10,  no  effect 
tried  securing  the  tfc  connection,  no  effect 

equip  staff  please  check  the  tfc  end  connections  to  find  out  that  there  is  any  open  circuit 
tystar 20  is  tisdde,  but  it  is  better  wait  for  the  equip  staff  to  fix  the  t/c . 

Just  like  last  time,  this  problem  is  causedby  a  faulty  connection  in  the  J1  connecter  coming  out  of  the  back  of  the  TCU.  Last  time  I  was  able  to  fix  the  bad  connections  using  spare 
pins  in  the  connector,  but  seeing  as  there  are  no  more  spare  pins,  I  think  it's  due  time  to  do  a  complete  rebuild  of  the  connector.  This  will  be  done  when  the  Tystar  Tech  comes  up 
some  time  this  week  (possibl 

yneit  week.)  For  now,  the  "B"  is  gone  andTystar20  is  available  for  use. 

Run  MFC  monitor  with  recipe  MQNCON. 

350  623  120  89  |  130  350  0  12  100  300  (Nucleation  350  C,  Si2H6  100, 300  mT,  20  min. 

Cental  zone  thermocouple  has  bad  connection.  Temperature  jumps  from  35  deg  C  to  500  deg  C.  The  heeler  is  working  hard  to  repond  to  the  false  temperature  reading. 

Unplugged  unstable  center  T/C  to  force  TCU  to  use  the  "back  up"  center  T/C.  Tyetaa20  canbe  usedin  this  stale,  temperature  stabilization  maytake  longer.  This  faulty T/C 
connection  will  be  fixed  permanently  Tuesday. 
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tystar 

5/5/200 6 
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350.1  628  120  89 

HemyHeiforederof  Tystar  Co.  fixed  the  TC  problem. 
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No  nucleatian.  Nanowire  experiment 

eqnevy 
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Run  MFC  monitor  with  recipe  MDNCON. 
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No  nucleatian 
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(Nucleation  425  C.  Si2H6  100, 300  mT.  10  min. 
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jNuclea1ion410  C,  Si2H6  100, 300  mT,  5  min. 

the  center  t/c  showed  “B"  after  the  temp  reading,  it  means  the  profile  t/c  is  malfunction,  either  the  tfc  itself  or  the  connection  needs  lobe  checked,  the  temp  control  is  osing  the  spike 
tfc  oufedde  the  Idle  now.  1ystar20  is  still  usable. 

Edd  SiGeNoNu  recipe,  add  N2BKFL  as  a  -variable.  Pressure  can  reach  2000  mTonwith  1500  seem  of  N2BKFL  for  Erik  Garnetts  nano  wire  experiment. 

3533  624  120  89  |  90  450  100Si2H6  5  0  300  |No  nucleation.  Recipe  aborted  aboui5  minshort. 

Furnace  aborted  daring  post-deposition  purge/pump  step.  Cannot  unload  wafers  until  problem  is  resolved.  Wafers  left  in  and  furnace  disabled. 

found  that  the  deposition  was  not  finished,  the  set  time  was  1:30: 00,  but  it  aborted  about  5  minutes  short,  on  the  alarma  history,  the  tempo  faults  was  the  cause  of  abort,  cheskon 
DCS  30  computer,  there  were  serveral  spikes  on  the  tempe.  monitor  the  status  end  found  that  the  "B"  showed  up  on  Center  and  SC  zones  this  is  an  old  problem  that  has  not  been 

fixed. 
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Same  faulty  connector  problem.  Wading  to  get  parte  to  rebuild  connector  sec  me  ly.  For  now,  employed  some  stain  relief  plnsbenl  pins  to  force  abetter  connection.  Also,  fixed 
boat  loader  pmblemcansedhyhoalkraderinJimLt  flag  being  too  far  in,  which  censed  tie  hnaflnwder  to  he  forced  in  when  it  was  trying  to  move  out  by  retripping  boat-in  switch.  Can 
{in  cess  staff  rone  tost  run  to  see  ifTC  connections  are  stable  please? 

Ran  MFC  monitor  with  recipe  MONCON. 

checked  the  DCS  pc  and  found  diet  there  were  still  a  few  temp  spike  readings,  tempi,  temple,  tempec  are  ok,  but  tempic  and  temps  are  jumping  up  and  down.  tjiBtai20  still  has  temp 
problem. 

The  suspicious  connector  has  been  completely  rebuilt  Watahing  stab  Hily  of  temperature  readings  over  night  to  determine  if  this  connection  is  the  culprit  or  if  we  era  dealing  wilha 
misbehaving  TCU  board. 

Microlsb  account  inactive  .  No  more  babysiling  forTystar20. 

spiking  temperatures  have  gotten  bettor  bat  have  not  disappeared  Odd  nature  of  the  spikes  makes  me  believe  it  is  either  a  communication  problem,  or  a  TCU  bo  and  problem. 
Swapped  out  TCU  Board,  tdie  will  need  to  sit  awhile  toe  oDectiata  to  see  if  spikes  am  gome.  Trite  will  also  need  calibration, 
after  TCU  board  change,  temperature  reading  stebihtyis  agnifrcently  better.  AH  tystar2D  needs  now  is  caLbrehim 


